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in Industry 


JAMES FRENKIL, M.D., Baltimore 


The literature referring to this rather 
specific theme is somewhat sparse. | pro- 
pose to assemble and review, both from per- 
sonal experience and from _ published 
material, some of the various considerations 
in the employment of the arthritic. A de- 
tailed discussion of the disease itself is not 
necessary and is beyond the scope of this 
writing. However, in order properly to 
perface my thoughts, a brief general de- 
scription of certain characteristics of ar- 
thritis is indicated. 


Nonarticular vs. Articular 
Rheumatic Ailments 


The words “rheumatism” and “arthritis” 
are so commonly used synonymously that 
for the purpose of simplicity I will adhere 
to this less literal concept of their meaning, 
possibly making the occasional excusable 
variation. One can divide rheumatic dis- 
eases into two parts: (1) those that involve 
joint structure directly with their different 
forms of arthritis and (2) those that in- 
volve nonarticular connective tissue. From 
the latter, such terms as “extraarticular” 
and “nonarticular” rheumatism evolve, all 
with the common symptoms of pain in, 
and stiffness of, connective tissue, near but 
outside of the joint. These disorders are 
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called forms of “primary nonarticular 
rheumatism.” It is to be remembered that 
with any systemic rheumatic disease involv- 
ing the joints, such as rheumatoid arthritis 
and osteoarthritis, there is also involvement 
of nonarticular connective tissue. 

The rheumatic diseases that involve the 
joints might be considered major forms of 
arthritis, whereas those affecting nonarticu- 
lar structures alone are frequently only 
minor illnesses. In the former group, 
permanent dysfunctions, deformities, and 
crippling are more prone to occur. In the 
latter, as only a relatively small part of the 
body is generally involved, the consequence 
of any resultant disability is much less sig- 
nificant. This difference in the nature of 
rheumatic diseases gives us some food for 
thought in developing a comparative eval- 
uation of the compensability between the 
articular and the nonarticular arthritides.'* 

As Chairman of the Occupational Dis- 
ease Board of the State of Maryland for 
the past five years, I recall only a few 
cases appearing before our tribunal pre- 
senting claims of rheumatism or arthritis 
that involved joint structure directly. On 
the other hand, there have been many 
claims of tendonitis and tenosynovitis, as 
well as other like forms of extraarticular 
rheumatism. In contrast to this, all of us 
who practice in the field of industrial medi- 
cine are familiar with the many claims of 
all forms of arthritis and aggravation from 


13/359 


A.M.A. ARCHIVES OF 
a. § 
| 


accidental injury that are litigated before 
the accident commissions and the courts.* 

The compensation commissions are sepa- 
rate from the occupational disease boards 
in a number of states. Such is the situation 
in Maryland. The boards usually preside 
over cases involving both acute and chronic 
illness that may arise out of industrial ex- 
posure. Claimants often are under the im- 
pression that everything in the way of 
illness that strikes them in the course of 
their employment and sometimes even away 
from their jobs is to be compensated. For 
this reason, it seems somewhat strange that 
our board has not been confronted more 
often with articular rheumatic conditions. 
One might conjecture, however, that sud- 
den, direct trauma presents the best excuse 
for making such a claim.* 

To digress for a moment, some of the 
claims arising out of occupational exposure 
may have merit in the light of a rapidly 
changing picture of the compensation laws. 
My personal opinion, however, is that there 
is need for defining the constituent factors 
of compensation insurance versus sickness 
and accident insurance, for under the pres- 
ent interpretation it is becoming increas- 
ingly more difficult to separate the two. The 
point I wish to stress is that compensation 
laws were not initiated to provide for the 
common ailments of man, except for those 
specifically and directly related to his em- 
ployment. 

Certain forms of arthritis are degenera- 
tive body processes, and the very nature of 
man is such that, as he ages, degenerative 
processes of all types must occur. In man’s 
economy, he must struggle for food, cloth- 
ing, and shelter, and in this struggle the 
speed of physiological aging no doubt has 
some relationship to the various forms of 
occupational exposure that prime his daily 
living. It follows therefore that all the 
activities of the working man in his job 
could, conceivably, eventually contribute to 
bodily degeneration; thus the compensation 
laws might be interpreted so as to provide 
for these physiological breakdowns. Actu- 
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ally, there is at this time an obvious trend 
in that direction. Such are the times. 

Let us consider the nonarticular localized 
forms of rheumatism involving small re- 
gions of the body around the shoulders, 
neck, back, elbows, wrists, fingers, knees, 
or ankles. These generally are nuisance 
diseases and less important from a stand- 
point of workability and employability. 
They infrequently cause unemployability, 
i.e., inability to work at all, in contrast to 
the crippling skeletal changes that often 
occur in articular diseases, such as infec- 
tious or rheumatoid arthritis. DeQuervain’s 
disease or a Baker’s cyst® is a correctible 
entity, but rarely does a tuberculous hip 
or knee terminate without disability.* 


Compensability of Some Specific 
Arthritic Ailments 

It may be useful, then, to discuss the 
compensability of some specific arthritic 
ailments. 

Although it has been successfully claimed 
that accident and exposure may increase 
and prolong the existing disability of rheu- 
matoid arthritis, certainly it is far-fetched 
to believe that trauma plays a role in its 
development.7* Yet there have been alle- 
gations that trauma in one joint initiated 
acute symptoms which spread to other 
joints not subjected to the trauma. Much 
difference of medical opinion occurs in 
evaluating these cases, and a clever medical 
witness can exercise great influence in the 
courts and commissions in favor of the 
claimant. 


Osteoarthritis or hypertrophic arthritis is 
generally not compensable except when 
specific trauma occurs. Then, in spite of 
the knowledge that such trauma only infre- 
quently produces or aggravates such 
conditions, it is invariably considered com- 
pensable. Degenerative arthritis of the spine 
represents the greatest number of cases that 
come before the workmen’s compensation 
commissions.**® It is known that a high 
percentage of persons over 35 years of age 
have this affliction, yet it is estimated that 
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close to 80% of all cases are asymptomatic.® 
Admitting that a small number of low-back 
injuries may act to aggravate an osteoar- 
theritic spine, I personally believe that most 
of this trauma is to soft tissue only and 
that the x-ray findings are merely coinci- 
dental. One must remember that persons 
with preexisting underlying disease may 
also be injured. Identification of such dis- 
ease is important in a medicolegal sense. 

With infectious arthritis, it is commonly 
conceded that such specific conditions as 
tuberculosis and syphilis frequently appear 
in joints which have been subjected to 
trauma. When such complications develop, 
their compensability is reasonable.* 

Miscellaneous rheumatic diseases, such 
as serum sickness and drug intoxication, 
are without question compensable when 
they follow the administration of a drug 
or serum given for some other compensable 
injury or disease.* 

The large group of extraarticular rheu- 
matic disorders are also in most instances 
recognized as compensable entities and in 
my opinion justly so. The female employee 
working on an assembly line, using a con- 
stant shoulder and arm motion in pushing 
tubes into radio sockets, can understand- 
ably develop a fibrositis of the shoulder. 

Although there is some difference of 
opinion, an exception in this category is 
Dupuytren’s contracture. The peculiar 
characteristics of this disease convinces one 
that trauma or occupation plays no part in 
its development.* For example, an electri- 
cian constantly using a screw driver and 
pliers in his right hand might develop 
Dupuytren’s contracture in his left hand. 

Hydrarthrosis and hemarthrosis are fre- 
quently claimed to be due to trauma either 
directly or indirectly and are seldom ques- 
tioned as being compensable. 

Fractures of the spine and fractures into 
‘joints will often develop localized arthritic 
changes noted several years or more after 
the injury occurred. These represent direct 
sequelae to the trauma, and responsibility 
is evident.® 


Frenkil 


Trauma does not cause gouty arthritis. 
However, trauma may aggravate and, some 
authorities believe, precipitate an attack. It 
is not compensable 

Marie-Strumpel’s spondylitis seldom is 
presented as a compensation case. Perhaps 
this is due to the fact that these people 
stay out of heavy industry because of their 
disease. The neurarthropathies, being less 
common conditions, infrequently are pre- 
sented as compensation claims. However, 
when injury occurs to the joints involved, 
as in cases of the infectious arthritides, the 
claimant usually is given a compensable 
award. 

One may note from the afore-mentioned 
that most of the rheumatic diseases, where 
compensation is claimed, are frequently 
secondary to trauma and less commonly 
follow occupational exposure. Each condi- 
tion, however, must be decided on its own 


merits and on the weight of medical evi- 
dence. 


The role of trauma in certain occupa- 
tional activity plays a complex part in the 
production and aggravation of the various 
forms of arthritis.” The problem of deter- 
mining the extent of its action is pro- 
foundly difficult for those of us concerned 
with such matters. Industry and its work- 
ers are in need of help. Therefore the 
judgment of the physician in examining, 
evaluating, and treating the arthritic must 
be unimpeachable. The commissions and 
other tribunals must have an understanding 
of the evidence and be sound 
decisions.*"" 


in their 


Labor, Management Attitude Toward 
the Arthritic 


I do not believe that adequate data on 
the incidence or prevalence of arthritis in 
this country as it pertains to the industrial 
worker are available. One interesting sur- 
vey was conducted by The Consolidated 
Edison Company in early 1953. This com- 
pany employed about 25,000 persons; 90% 
were men and 10% women; one-third of 
the men and about one-fifth of the women 
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were over 50 years of age. Seventy per 
cent of the employees do physical labor, 
and thirty per cent do clerical work. The 
men must retire at 65 years of age, the 
women at 60 years of age. The survey dis- 
closed that of those employees who were 
incapacitated by some type of rheumatic 
disease, degenerative joint disease repre- 
sented 37% of the cases; bursitis, 13%; 
gout, 11%; rheumatoid arthritis, 8%; other 
rheumatic disorders, 31%. Also of interest 
in this survey was the assertion that 4,200 
work days had been lost per year because 
of rheumatic disease. It was assumed from 
this that of the 62,000,000 persons gain- 
fully employed in the United States, the 
average work days lost would approximate 
10,500,000 per year.*!* The variety of 
occupations of Consolidated Edison are 
many, yet it is most unlikely that all major 
types of employment are represented. Thus 
the large figure projecting the work days 
lost due to rheumatic diseases may not be 
too accurate—still it is of much interest 
and lends food for thought. 

From the foregoing, one can readily 
understand that a number of practical diffi- 
culties arise in utilizing the arthritic person 
in industry. True, it is very desirable to 
keep this type of worker employed in a 
suitable task, but even the occasional prob- 
lem that develops interferes with this opti- 
mistic direction. 


First, let us consider the physical ability 
of these handicapped people to perform 
normal work. The related literature is re- 
plete with many facts and figures proclaim- 
ing the superiority of the aged and disabled 
worker. The geriatric journals, in partic- 
ular, describe their “faithful attendance, 


stability, loyalty, and mature 


ment.” 13-14 

We must keep in mind, however, that 
age is irreversible and the degenerative 
changes that accompany it dictate a lessen- 
ing of physical activity. The arthritic, 
young or old, is generally unable to carry 
out the strenuous and arduous activity re- 
quired of many jobs. Nor is he agile 
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enough to move around at the rapid pace 
so often necessary for a worker to produce 
his economic quota. 

Unless the arthritic worker is in a posi- 
tion or can be transferred to a position of 
easy, less difficult duties, a real problem 
of keeping him employed arises. Small 
industry generally cannot afford to keep 
him and big industry is frequently plagued 
by seniority clauses in labor contracts, thus 
making it difficult to transfer the worker 
to lighter work that he might be able to 
perform. From another point of view, 
transfer is frequently refused because the 
foreman is “sick and tired of having his 
department cluttered up with sick people.” 

The reengineering of jobs by “effort- 
saving devices” to reduce the physical de- 
mands on these semi-invalids may be at 
least a partial answer to management’s de- 
sire to keep them employable.** The com- 
mendable work of rehabilitation centers 
throughout the country can take the credit 
for most of the progress in this direction.’ 
The ingenuity of some of these handicapped 
persons in constructing their own effort- 
saving devices is sometimes amazing. 

Labor may help the problem by endorsing 
the principle of “regrouping of job assign- 
ments.” This device would allow the handi- 
capped worker to perform in a job that for 
most of the working day is light, the more 
arduous but shorter period of the job be- 
ing done by stronger, more able-bodied 
employees.'"* There are other concessions 
that can be made by labor when working 
with cooperative management. For exam- 
ple, when there is a lay-off in the plant, 
special privileges of “last out” and “first 
in” might be afforded the 
worker.1® 

The attitude of labor, nevertheless, is 
such that in most instances grave difficulties 
arise in these matters. Its actions are well 
portrayed by Rutherford T. Johnstone. As 
he so ably points out, “Unions often create 
hardships for the members they supposedly 
defend. The union’s position regarding 
seniority, down-grading, resumption of 
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work, and other rigid principles, may seem 
just to its membership in the aggregate, but 
the failure to relax for individual cases 
cannot be supported. The union’s unwill- 
ingness to compromise in certain situations 
creates a hardship. . .. Labor has insisted 
upon the broadest interpretation of the 
Workmen’s Compensation law. Granting 
justification for this attitude in some in- 
stances, it must be admitted that certain 
changes which seemingly benefit the mass, 
also result in injustice to an individual 
worker. The demand or bargaining victor 
for a principle which applies to fifty 
thousand members may seem beneficial to a 
large group; but if it works a hardship on 
an individual, then there should be some 
means of acknowledging the exception.” *! 

It seems that labor and industry, from 
different vantage points and definitely with 
goals apart from one another, have 
gravitated to a common position. This is 
further emphasized by the following re- 
marks on industry’s attitude toward the 
arthritic. 

Aside from the cost of placement, 
training, and adjustment of machinery and 
tools and aside from the complications that 
arise from the attitude of labor, industry 
is faced with another and probably more 
serious problem in the employment of the 
arthritic person. This is the fear of Work- 
men’s Compensation claims arising under 
the “aggravation of preexisting condition” 
clause, a formidable barrier discouraging 
placement of such a worker.'''? The 
tendency in recent years toward unrealistic 
and ill-founded awards causes industry and 
its insurers to shudder at this overwhelming 
and impending expense.*'* It hangs over 
their heads like the sword of Damocles. As 
industry is at all times concerned with the 
unknown arthritic and his potential claims, 
why then should it add more fuel to the 
fire by placing or retaining the known 
arthritic. I believe it is more the exception 
than the rule that the arthritic worker, 
known or unknown, is wanted by industry. 
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This on the surface may appear to be a 
cold-blooded attitude, but competitive forces 
in business warrant every dollar-saving 
action. Nevertheless the question of keeping 
the handicapped arthritic worker employable 
is not being ignored either by industry as 
a whole or by society. Numerous em- 
ployers, in spite of the potentially heavy 
pull upon the purse, are willing to use some 
of these persons. Labor also on occasion 
is willing to make certain concessions in 
its contracts. In addition, medical and lay 
groups throughout the country are working 
diligently to help resolve this thorny 

I have attempted in this paper to des- 
cribe the relationship of the arthritic per- 
son to his job and to industry. 


Summary and Conclusion 


Although this paper deals rather specifi- 
cally with the worker who has arthritis, 
much of the material herein applies to em- 
ployees who have other diseases or injuries 
of a disabling nature. In considering such 
persons for employment, the varying factors 
of compensability, job placement, etc., of 
articular and nonarticular rheumatic dis- 
eases also apply to the other chronic in- 
firmities, such as heart disease, diabetes, 
and crippling deformities. It follows, there- 
fore, that management and labor hold con- 
stant for this reason and others to their 
negative attitude of embracing the infirm 
hired hands just as they do the arthritic. 

Utilization of the disabled worker is a 
world problem. Industry and labor, of 
course, have to share in its proper solution, 
but responsibility must also be assumed by 
many other groups from township to in- 
ternational proportions. 


338 W. Pratt St. (1). 
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Uranium Ore 


A Summary Report 


Among the most important industries in- 
volved in the handling and processing of 
radioactive materials, the mining and milling 
of uranium ore presents one of the most 
important potential hazards to a very large 
industrial population. Not only is this indus- 
try group one of the least publicized among 
the atomic energy workers, but it appears to 
be one of the fastest growing in the in- 
dustry. 

In the United States, commercial deposits 
of uranium ore are unusually widespread. 
Every year new reserves are added to those 
previously known, and the spread of com- 
mercial grade ore seems to expand. As of 
the present, eight western states, covering 
about one-fourth of the total area of the 
United States, have significant reserves of 
ore. As of the time of the study which is 
reported there were 12 uranium mills in 
operation. This was the status in July 1, 
1957. By the end of 1957, there were 16 
such mills in the area designated. There are 
presently 20 such mills, and in the very 
near future the number which is planned 
is 25. 

According to the most recent figures 
published by the U. S. AEC, the rate of 
concentrate production as of the end of 
December, 1957, was approximately 10,000 
tons of U-238 per year, while the rate of 
ore feed to the mills was approximately 
10,000 tons per day. It can be seen from 
these figures that the milling of uranium 
ore is beginning to assume the proportions 
of a fairly large business. 
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Environmental Hazards Associated with the Milling of 
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It has been realized for some years that 
there were potential exposures to radioactive 
and toxic materials in the mill operations. 
In 1950, for example, there were one-half 
dozen mills, employing something under 
1,000 persons. When the 25 mills are in 
full operation the number will probably be 
about 4,000 persons. The mills which 
carried the major domestic load in the early 
1950’s were built primarily for the extrac- 
tion of vanadium and, as a result, had no 
great emphasis placed on dust control. 
These mills have since been modified to 
some extent, and the newer mills have been 
built with more control provisions. Some 
studies have been made by industry over the 
years and by the U. S. Public Health Serv- 
ice, but there has never been a concerted 
effort to define all of the potential hazards 
involved in the uranium milling. It was 
known, for example, that in some cases 
there was overexposure to silica dust and 
possibly some other minor chemical ex- 
posures.* The amount of final product 
processing was in general so small as to 
consume a negligible portion of operator 
time. Therefore, personnel respiratory pro- 
tection was usually adequate. With the 
advance of the art, however, more possible 
material and exposures have been located, 
and it is important that this be spelled out 
so that the industry will have guidelines for 
its operation. 

In January, 1957, the AEC published 
regulations for the limitation of exposure 
of licensed operator to radioactive materials. 

*Interim Report of Health Study of the Ura- 
nium Mines and Mills, U. S. Public Health Service, 
Division of Occupational Health. 
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This limitation supplements those for non- 
radiation hazards that have been imposed by 
state and other federal bodies. The regula- 
tions entitled “Standards for Protection 
Against Radiation” (10 CFR Part 20) are 
specifically directed toward exposure of 
workers and the general public to radioactive 
materials and to direct radiations from 
licensed materials. 

Inasmuch as natural uranium ore contains 
all of its daughter materials in normal 
equilibrium amounts, it is necessary from 
the structure of Part 20 that each of these 
substances be measured against the permis- 
sible level which is listed. Needless to say, 
the analysis of a sample which contains all 
of these materials by individual isotopic con- 
tent is very time-consuming. It would be 
of considerable value, both to the plant 
operator and to the enforcement agency, if 
a procedure could be evolved which could 
permit ready assessment of the hazard with- 
out recourse to the individual isotopic com- 
position of the material, which is difficult to 
establish. 

The basic objectives of the study which 
are reported here were (1) to evaluate the 
extent of hazard to personnel working 
within the plant from the various materials 
of interest; (2) to determine the efficacy of 
control measures which have been installed 
in order to provide reasonable guidance to 
the mill operators in resolving health prob- 
lems which still exist; (3) to determine 
environmental contamination which might 
result from the process; (4) to determine 
the efficacy of environmental control pro- 
cedures for the guidance of other operators ; 
(5) to establish the proportion of the hazard 
arising from individual isotopic components 
and, if possible, to devise a procedure for 
ready evaluation which may be followed by 
the operators and which can be trusted by 
the enforcement agencies, and (6) to deter- 
mine the extent of exposure arising from 
each part of the plant so as to emphasize 
those areas which require improved control. 

It should be pointed out that the primary 
objective of the study was to evaluate the 
occupational hazard, with the secondary ob- 
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jective directed toward the environment. As 
a result of this, the number of environ- 
mental samples taken was limited. It is 
believed that a complete water pollution 
study will be necessary before this aspect of 


the hazard can be fully defined. 


Basic Process Description 


The milling of uranium ore to extract a 
concentrate is basically a hydrometallurgical 
process which involves contacting the ore 
with a liquid reagent to dissolve the mineral 
values. This may be done either by an acid 
or alkaline leach, depending on the nature of 
the ore. Until about 1950, the leach was 
followed by oxidation-reduction reactions 
with subsequent precipitation. Since then, 
however, ion exchange and solvent extraction 
have been used to obtain a reasonably refined 
mineral concentrate. The ion exchange pro- 
cedure has been applied either as a resin-in- 
pulp process or by running clear solution 
through a column. In some mills, vanadium 
is recovered as a by-product. 

Processing steps vary in detail but are 
basically not significantly different from 
those used in other types of ore concentrat- 
ing. The ore is received as run-of-mine 
material. It is crushed, sampled, and ground 
by normal physical methods. The handling 
at this stage does not differ significantly 
from usual rock handling. 

Where vanadium is to be recovered, the 
ground ore is salt-roasted on a multiple 
hearth furnace, and the resultant product is 
quenched either in water or sodium car- 
bonate solution. The vanadium is then ex- 
tracted as sodium vanadate. This material 
is precipitated by pH adjustment and re- 
covered as “red cake” by filtration. 

Quenching with water leaves the uranium 
values in the tails. The tails are leached 
with sulfuric acid to solubilize the uranium. 
The acid leach liquor is separated from the 
residue by standard thickening technique 
and the uranium recovered from the 
supernate by chemical precipitation. In some 
cases the precipitation is preceded by inter- 
mediate concentration using ion exchange or 
solvent extraction. 
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When the material is quenched in sodium 
carbonate solution, both the uranium and 
vanadium are solubilized. After separating 
the leach liquor from the residue, the two 
metals are separately recovered from the 
liquor by precipitation and oxidation. 

lon exchange recovery is used on acid 
leach liquors. The ground ore from the 
classifier is pumped to the leaching agitators, 
and sulfuric acid is added to solubilize the 
uranium. The uranium-bearing solution re- 
sulting from the leach is separated from the 
barren solids by continuous countercurrent 
decantation. Uranium is adsorbed on the 
anion exchange resin and is removed from 
the resin by an eluting solution, precipitated 
by neutralization, removed by filtration, and 
dried. 

The resin-in-pulp circuit may be used 
with either an acid leach or alkaline leach. 
The resin-in-pulp chemistry is similar to 
the ion exchange column. The acid leach 
resin-in-pulp circuit contains the following 
operations: grinding, acid leaching, sand- 
slime separation, ion exchange of the 
uranium from the slimes solution, eluting 
the uranium from the resin, precipitation 
with alkali, and filtering the yellow cake. 
In the resin-in-pulp process, the uranium 
solution does not have to be separated from 
the undissolved residue. A slurry moves 
countercurrent to the resin contained inside 
a series of wire mesh baskets, each of which 
holds anion exchange resin. The baskets are 
slowly moved up and down to agitate the 
resin and to provide good contact between 
the pulp and resin. Several banks are being 
eluted, while other banks are being loaded 
with uranium. Uranium is removed from 
the resin by an acidic eluting solution. 
Uranium is precipitated from the eluate by 
adding a base and removed by filtration. 

In the solvent-extraction process the un- 
dissolved mineral is liquid-liquid contacted 
with an organic solvent. The major steps 
are extraction, stripping, and recovery. The 
pregnant liquor from the thickener overflow, 
containing the dissolved uranium, is mixed 
with organic solvent. The solvent has a 
greater affinity for the uranium in an acid 


Harris et al. 


medium and transfers into the organic phase. 
The loaded organic phase is stripped of its 
uranium by addition of soda ash solution. 
The soda ash solution is filtered for re- 
moval of iron and other impurities and then 
sent to the precipitation section where the 
uranium is precipitated, filtered, and dried. 

In all cases, the final product is an alkaline 
uranate salt. This is dried either by roast- 
ing or in gas-fired pan dryers. In some 
cases, the cake is dewatered and extruded 
prior to calcining. The concentrate is 
drummed, sampled, and shipped. A flow 
sheet of the processes is shown in Figure 1. 


Survey Techniques 

The survey which is reported here was 
designed to evaluate both the occupational 
health hazards to employees and the environ- 
mental hazards which result from the up- 
grading of uranium ore. Air samples were 
collected for determining the air concentra- 
tion of «emitting dust, its composition, 
particle size, and silica content. In addition, 
river water and sediment samples were col- 
lected, as well as gas samples, for radon 
analysis to obtain data on pollution by plant 
effluents. Radiation measurements were 
taken inside and outside of the plant. Urine 
samples obtained from some operators, and 
selected air samples were analyzed for 
vanadium concentration. The analysis and 
data compilation were performed subse- 
quently at the Health and Safety Laboratory, 
in New York. 

Prior to sample collection, a tour was 
made of the mill to study the processes. 
During this time a visual estimate was made 
of the potential hazard, as well as deter- 
mining the areas and operations which would 
require subsequent quantitative sampling of 
airborne contamination. 

After the initial observations of the 
process steps, air-sampling equipment was 
set up at all representative locations. These 
air-dust samples were collected by drawing 
air through 1% in. diameter Whatman 
No. 41 filter disks, at approximately 30 liters 
per minute for 30 minutes, until a cubic 
meter was collected. The samples collected 
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Fig. 1—Flow sheet of basic processes, 


were general air samples obtained in the 
general plant area routinely occupied by 
employees not performing any specific 
duties. A second set of samples was ob- 
tained in the breathing zone of each em- 
ployee engaged in a specific potentially dusty 
job. 

The breathing-zone samples were col- 
lected for the duration of the specific opera- 
tion for the most part, with exceptions 
during operations of excessive dust con- 
centrations or operations of very short dura- 
tion. In these cases, the sample represents 
a split operation of several successive opera- 
tions. Wherever possible, replicate samples 
were collected to define all breathing-zone 
operations and normally occupied areas. 
Average concentration values were obtained 
from the replicate samples. 

The radioactive dust collected on the filter 
disks was analyzed for e-activity on scintil- 
lation counters at the Health and Safety 
Laboratory. The radioactive dust concentra- 
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tion represented by each sample was com- 
puted by dividing the a-activity by the total 
sample air volume. In each case, a time 
study was made for each operator. The 
time-study data were obtained by the 
sampler as a corollary of the breathing-zone 
sampling and from discussions with super- 
visory personnel. After the samples were 
analyzed, the average results were in each 
case multiplied by the applicable time and 
all of these values summed. The average 
weighted concentration per full working day 
of the operator was computed by dividing 
the sum of the products of concentration 
times by the total time per work shift 


_time X av. conc. 
total time . 


Radioactive Components of Airborne 
Dust.—Selected air-dust samples, after being 
counted for gross a-activity, were analyzed 
fluorometrically for uranium, and radium 
was separated and then counted after a 
30-day delay to allow daughters to build up. 
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The radioactivity attributable to these com- 
ponents was compared to the total a-activity 
originally countered. From the ratios of 
these results, it can be determined how the 
values compare with theoretical radioactive 
equilibrium (Table 14). 

Particle Size Analysis —Air-dust samples 
were collected with a modified Cassella 
Cascade Impactor at several locations, for 
particle size analysis. The impactor stages 
were analyzed for gross a-activity on scintil- 
lation counters and the results plotted on 
log probability paper. 

Direct Radiation. 
tion 


—Surface a-contamina- 
measured with ionization type 
survey instruments and B- and y-radiation 
with GM survey instruments. A calibration 
factor of 3 was used to convert instrument 
8-reading to dose rates in mrad per hour. 

Silica Dust.—Silica-dust samples were 
collected by drawing air through a midget 
impinger tube with 10 ml. of alcohol at the 
rate of 0.1 cu. ft. per minute or a standard 
impinger containing 50 ml. at 1 cu. ft. per 
minute. With few exceptions, counting was 
performed at the Health and Safety Labora- 
tory several days after sample collection on 
a hemocytometer using light-field optics at 
a magnification of 100%. Recommended 
counting procedures call for a count analy- 
sis no later than one day after sample col- 
lection. The delay in counting would tend 
to underestimate the count. 

Plant Effluents—Grab samples were col- 
lected in replicate of river 


was 


water and 
sediment at locations approximately 4 of a 
mile to 1 mile above the mill discharge, at 
the discharge, and at selected points below 
the mill. Samples were collected along the 
mill-side bank. Uranium content was deter- 
mined in both water and sediment samples 
by the standard photofluorimetric method. 
The samples were analyzed for radium in 
the same manner as described under dust- 
sample analysis. 


Grab samples of water provide an instan- 
taneous view of stream quality and reflected 
conditions only as of the time of collection. 
Sediment samples taken were probable 
average of usual conditions of the stream. 
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Radon.—Samples of air for the measure- 
ment of the radon gas were collected in 
l-liter flasks as grab samples. These were 
taken only over the tailings piles. A large 
volume of air was drawn through the flask 
and the flask sealed with stopcocks. The 
samples were analyzed in the Laboratory by 
pulse-counting ionization chamber technique. 

Vanadium.—Air-dust samples were col- 
lected in the same manner for vanadium as 
for the a-emitting dust; however, a larger 
volume of sample was collected. A colori- 
metric analysis was performed on the filter 
paper for vanadium content. 


Results of Study 


In Table 1 is shown a summary of the 
average daily exposure of all plant personnel. 
This Table includes the maximum average 
daily exposure, the average exposure to all 
personnel, and the per cent of the plant 
employees receiving exposures to a-emitting 
dust in excess of 5X10" ye. per milliliter, 
which is the maximum permissible concen- 
tration for natural uranium as cited by 
Part 20. 

It can be seen from Table 1 that, although 
the average exposure of all of the more 
than 2,000 plant employees was found to be 
17.5X10-"ne. per milliliter, approximately 
35% of the employees were exposed to 
concentrations in excess of 5X10~™ye. per 
milliliter. In other words, if the figure of 
5X10-" ne. per milliliter for uranium can be 


TABLE 1—Daily Average Exposure Summary 


Gross a Count, we/M1. 10-"! 


Mill Max. Av. % >5X10-'! 
A 325 12.5 46 
B 5 18 
Cc 175 15.1 47 
D 200 14.5 ll 
E 500 44.5 54 
F 150 5.5 16 
G 300 8.5 30 
H 500 69.5 55 
I 600 44.5 
J 75 9.5 48 
K 30 8.5 5 
L 125 4.5 16 

Total 17.5 35 


Employees Studied 2,150 
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TABLE 2.—Weighted Average Exposure to a-Emitting Dust 


% in Range of Weighted Exposures X 10-!' we/ M1. 


5.1-10 


Average 


taken as the maximum permissible average 
level for gross a-exposure, 700 men in these 
12 plants can be considered to have been 
over exposed. This is not the case however 
(See Comment on Results). 

In Table 2 is shown a breakdown of 
the exposures by per cent of personnel at 
each one of the plants. Here we see that 
about 6% of the plant personnel were ex- 
posed to more than 50X10-"yuc. per mil- 
liliter and 2% to more than 200 10~" ne. 
per milliliter. 

In order to bring these exposure values 
into better focus, Table 3 has the concentra- 
tion values broken down by major operating 
locations. From this Table it is possible to 
locate those areas in the individual plants 
which are the primary source of occupational 
exposure. It should be noted that in many 


cases high dust concentrations in one area 


tend to influence exposures in other adja- 
cent areas. This was found to be especially 
true in the case of the final packaging of 
the concentrate material. It can be seen in 
Table 3 that the major areas of high oc- 
cupational are the initial ore 
handling and the final concentrate packaging. 


exposure 


In most cases, however, the ore handling 
and sampling is done in an isolated location. 
Also, as can be seen in the Table, this opera- 
tion in most plants was provided with some 
amount of ventilation. The final packaging, 
however, is usually accomplished in the 
main plant area, and it is possible to see the 
strong effect of this operation on adjacent 
locations. In Figure 2 is shown a typical 
plant layout superimposed on which are the 
average values of the general air samples 


Ore Crush. Ore 


& Sampl. Grind. + 


130.0 M 2.5 8.0 
B 8.5 M-W 5.0 5.0 
> 40.0 N 200.0 D 7.5 
dD 225.0 M (1.2) 1.2 

8.5 M 2.0 3.5 

51.0 M 10 0.7 
G 25.0 N 35.0 D 1.2 
H 125.0 M — 3.0 
I 15 V-W 9.0M 4.0 
J 12.0 V-W (2.5) 2.5 
K 35.0 M 32.0 D 6.5 
L 10.0 M-N (1.7) 1.7 


Ore Classif. 
& Leach. t 


Uranium 
Extract. ¢ 


Conc. Precip. 
& Filtration t+ 


Drying & 
Packaging 


Sample 
Preparation 


1.5 50.0 55 M 2V 

1.0 3.0 50 M 60 M 
4.0 3.0 550 N 10M 
1.5 2.5 220 M 5V 
35.0 30.0 130 N 10M 
5.0 8.5 170 M 45M 
1.2 1.2 330 N 10M 
3.0 (125.0) 125 M 2M 
3.5 65.0 700 N 5V 

18 (85.0) 85 M 18 V 

0.5 (21.0) 21M 19M 
0.8 (10.0) 10M 50 M 


+ Wet chemical process, unventilated except as noted. 
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* Parenthetic numbers indicate dual usage of personnel and areas with next column. 


N indicates no ventilation; M, moderate ventilation; V, good ventilation; V ', not properly applied; 


W, wet; D, dry. 
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Mill 0-2.5 2.6-5 10.1-25 25.1-50 50.1-200 > 200 
: i A 38.5 15.8 78 26.4 7.6 3.5 04 
: B 21.0 61.0 11.3 2.2 3.9 0.6 0.0 : 
De, Cc 25.8 27.0 31.8 8.2 1.8 5.4 0.0 : 
et | D 79.0 10.3 4.3 0.0 0.0 2.2 4.2 
oa E 38.4 7.4 19.7 14.2 7.3 74 5.6 : 
i F 53.0 30.9 7.5 0.0 8.2 0.4 0.0 : 
G 30.0 39.9 16.0 7.9 5.3 0.0 0.9 
Be H 38.5 6.6 0.0 2.5 22.1 23.7 6.6 
a I 49.6 21.4 5.9 14.1 0.0 3.0 6.0 : 
a, J 48.3 3.5 24.0 18.4 1.2 4.6 0.0 ) 
-—_ K 38.4 8.0 3.6 43.6 6.4 0.0 0.0 
gl L 48.5 36.0 11.2 2.5 0.6 1.2 0.0 : 
42.4 22.3 11.9 11.7 54 4.33 1.97 
TABLE 3.—Average Daily Exposure by Areas, wc/MI. X 10°" * 
: 
| 
| 


Precipitation Area 


(be O 


-Locations of general air dust concentrations—Mill E. 


(Numbers are General Air po 
concentrations in 


= © SAMPLE MILL 


A CONCENTRATE 


2.9 

= 

4 

a 


+ FINE ORE STORAGE 
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Mgt - 50% Size 
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Fig. 3.—Particle size distribution of uranium ore samples. 
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TABLE 4.—Average General Air Concentrations by Area, pc/MI. x 10°" 


Ore Crush. Ore * Leach. 

Mill & Samp. Grind. & Class. * 
A 75 M 2 5 

B 10 M-W 8 5 
Cc 200 D 5 
D 60 M 2 1 

E 7M 1 3 

F 8M 1 1 

G 10N 25D 3 

H 150 M = 3 

I 3 V-W 9M 3 

J 15 V-W 4 3 

K 35 M 75D 13 

L 13 M-N 1 2 


Precip. & Uranium Cone. Drying Sample 
Filtration Extract. * & Packaging Preparation 
4 3 50 M 1V 
1 1 1M 80 M 
2 _ 550 N 5M 
3 2 5M 2V 
16 35 40 N 5M 
1 9 15M 80 M 
1 1N 7M 
1 180 M 2M 
62 10 16N 3Vv 
2 2 240 M 12V: 
1 2 2M 12M 
2 1 7M 45M 


* Wet chemical process, unventilated except as noted. 


taken throughout the plant. From values 
obtained on other operations, it is known 
that the RIP process produces very low 
general air concentrations of itself. It can 
be seen from Figure 2, however, that por- 
tions of the RIP area show inordinately 
high concentrations. 

Further, to highlight the source of con- 
tamination, Table 4 gives the average gen- 
eral air concentration at the various plants 
for each major operating area. Here again, 
it is possible to see that with suitable 
controls each of these areas can be main- 
tained at a satisfactory level. On the other 
hand, it is also obvious that careless opera- 
tion or unventilated operations can yield 
very high results. It must be pointed out 
that there is great individual variation be- 
tween the plants and in types of material 
handled. In ore crushing and sampling 
areas, for example, we have tried to weight 


N indicates no ventilation; M, moderate ventilation; V, good ventilation; V', not properly applied; W, wet; D, dry. 


the concentrations according to the propor- 
tion of the time that various materials are 
handled. Dry ore may give rise to general 
air concentrations 100-1,000 times higher 
than ore which is damp. It should also be 
noted that the newer plants are better laid 
out than the old ones and better equipped 
in general, so that there is much less cross 
contamination between departments 
better housekeeping can be provided. 


and 


In Table 5 we show typical breathing- 
zone concentrations in order that the effect 
of manual handling can be presented in 
proper perspective. Comparing Table 4 
with Table 5, for example, it can be seen 
that general air concentrations in the drying 
and packaging areas can be reasonably low, 
but Table 5 shows that in most locations 
handling of the dry cake gives rise to 
extremely high breathing-zone levels. 


TABLE 5.—Typical Breathing Zone Concentrations (Averages of Three), wc/MI. 


Sample Preparation 


Wet Cake Dry Cake Final 
Mill Ore Moving Prelim. Final Handling Handling Packaging 
A 65 1 10 25 12 500 
B 100 — 100 15 450 2,590 
: Cc _ 60 9 24 8,000 3,500 
D 30 35 15 5 — 500 
ee. E 6 75 100 250 3,000 250 
ie F 10 90 100 7 _ 1,600 
G 220 25 10 2,500 
: H 500 _ 25 7 — 2,700 
I _ 7 25 18 5,000 1,300 
J 450 400 6,000 
| K 45 75 50 8 — 900 
| L = 200 180 3 -- 2,500 
\ 
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TABLE 6.—Duplicate Urinary Uranium * 


Av. of All, 

Mill No. Employees Mg/L. 
A a= 

B 6 0.032 
Cc 5 0.022 
D =» 

E 

F =» 
a 4 0.031 
i 6 0.024 
I 2 0.115 
J 
K 4 0.036 
L 6 0.030 


* Average of spot samples taken on two successive mornings. 


Urinary Uranium.—A spot check was 
made of the uranium excretion rate in many 
of the plants. A total of about 65 samples 
were taken. The urine samples were spot 
morning samples taken on each of two suc- 
cessive days. It can be seen that although 
there is considerable scatter in the data, it 
shows a reasonable trend. In general, the 
excretion rates are somewhat lower than we 
have found to be the case in refining opera- 
tions. This may be a result of the intermit- 
tent and spotty wearing of respirators on 
the part of the mill personnel. This should 
tend to lower the excretion rates. It appears 
from the data that personnel exposed to 
maximum permissible uranium concentra- 
tions excrete an average of I5yg. of 
uranium per liter of urine with a maximum 
of 50 and a minimum of 5. 


TABLE 7.— Comparison of Silica Dust, Gross 
a, and Uranium * 


Ore-Crushing & Storage Areas 


Mill No. Samples Gross a Uranium SiOs 
A 10 0.6 0.3 0.3 
B 7 5.0 1.0 2.0 
D 4 12.0 3.5 7. 
F - 

G - - 
H 7 30.0 9.0 16.0 
I 5 1.0 04 0.6 
K 6 24.0 6.0 9.5 
L 3 9.0 2.0 2.9 
Mean 12.6 3.6 6.0 


* All values presented in terms of multiples of MAC. 


Harris et al. 


In Table 6 is shown the average urine 
concentration by plant. As can be seen from 
this Table, the data are reasonably con- 
sistent from plant to plant with a single 
exception, where only two persons were 
sampled. Although this has not been done, 
it would be interesting to resample these 
people after a two-week layoff to determine 
the long-term accumulation of material in 
the body. 


Other Potential Hazards—During the 
early survey work which was carried on in 
uranium mills by the U. S. Public Health 
Service, it was noted that, in general, when 
siliceous ores were being handled, the silica 
dust count in these areas was a greater 
hazard than that presented by the uranium. 
In Table 7 are shown some comparisons of 
dust concentrations in ore-crushing and stor- 
age areas. Simultaneous samples were taken 
in most of the plants, analyzed for gross 
a-count and uranium, and counted for silica 
dust. All data are given as “number of 
times the applicable permissible level.” In- 
asmuch as the silica content of the dust falls 
in the range of 5%-50% in substantially all 
of the plants which were visited, a permis- 
sible dust level of 20,000,000 particles per 
cubic foot has been used as the permissible 
level. The uranium and gross a-permissible 
levels are each based on 5X10-"une. per 
milliliter. The data indicate that if one uses 
the gross a-count as a measure of toxicity 
and applies the value of 5<X10-"ye. per 
milliliter, one would normally expect to find 
about twice as much hazard from a-emitting 
materials as from silica. However, analysis 
of the uranium indicates that the uranium 
hazard is only about one-half of that which 
might be expected from the silica. This will 
be discussed in more detail later. 

The danger from dust inhalation depends 
in large measure on the particle size of the 
material. Samples to determine particle size 
were taken in most of the plants. In general, 
these samples divided into three 
categories; those representing handling of 
raw ore, the final pulverizing of the ore, 
and the various operations wherein the 


were 
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TaBL_e 8.—Particle Size of Dust 


Mass Medium Size, » 


Ore- 
Sampling Ground 
Mill Areas Ore Concentrate 
A — 
B 4.5 3.3 
Cc 5.0 2.0 
D on 
E 43 3.3 2.9 
F 4.2 3.1 2.3 
G 4.5 2.7 2.4 
H 4.2 3.5 _ 
I 4.9 _ 3.1 
J om = 
K 4.6 2.1 _ 
L 4.6 — 2.2 
Average 4.5 0 2.5 


precipitated concentrate is handled. Particle 
size data as evaluated by Cascade Impactor 
samples are shown in Table 8. Here it can 
be seen that both the ground ore and the 
concentrate materials average in size about 
as one would expect of normal industrial 
materials, generally in the range of 2.5y-3.5y 
as a mass medium average diameter. The 
raw ore, however, is consistently somewhat 
higher. It is possible that this would indicate 
some overestimate of the potential hazard 
ee in the ore-crushing and sampling areas. In 
. Figure 3 are presented typical Cascade 
Impactor plots which show the particle size 
distribution, 

Vanadium.—Carnotite, one of the most 
important uranium ore materials, is a mixed 


TABLE 10.—Maximum Radiation Levels at Three Feet * 
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TABLE 9.—Vanadium Concentrations in General 
Air Samples, Mg/M** 


Ore Final 
Mill Handling Extraction Processing 
A — _ 
B 0.100 0.370 
Cc 0.008 0.030 
D 0.020 0.001 _ 
E 
F 
G _ 0.030 0.045 
H 0.012 0.006 0.450 
I 
J — 
K 0.045 - 0.200 
L 


* 0.5 Mg. per cubic meter is the ACGIH recommended MAC. 


uranium-vanadium mineral. In fact, most of 
the early mills were designed to extract 
vanadium, and uranium occurred only as a 
by-product. Inasmuch as many of the mills 
were handling carnotite type ores, a general 
study of vanadium concentrations was 
undertaken. The data presented in Table 9 
show vanadium concentrations as measured 
only in general air samples. The data show 
that with the exception of the final proc- 
essing, where the vanadium is handled as 
a concentrate, the levels are of the order of 
10% or less of the permissible levels. In 
the final processing areas, however, values 
approaching the maximum __ permissible 
amount were found. These do not represent 
average however, the 


exposures, because 


General Plant 


Concentrate Areas 


Mill 8 B 
A 0.15 
B = 
Cc 0.7 25 
D 1.5 
E 0.0 0.15 17 
| F 0.9 0.2 = 
\ G 0.8 
\ H 
I - 0.5 10 
J 0.3 0.4 2.4 
K 0.9 _ 
L 0.8 
Average 0.5 15.5 


Ore Pile Tailings Pile 
B B 
1.3 0.7 1.6 
1.0 ll 0.8 0.2 0.5 
5.0 04 1.2 
1.0 0.5 08 
8.0 1.5 0.5 
3.0 _ 3.0 -- 1.0 
3.0 1.1 0.9 


ings taken. 
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* Readings taken three feet above surface or three feet from material; y=mr per hour; 6=mrep per hour. Blanks indicate no read- 
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final processing of the vanadium materials 
is intermittent and does not occupy a signi- 
ficant portion of the man’s day. 

Radiation Levels.—Radiation levels were 
measured throughout operating areas and 
outside of the plants using ionization cham- 
ber and GM_ survey instruments. In 
Table 10 is shown the results of these 
measurements. In all cases, Table 10 
presents the maximum radiation level which 
was found in a given area and represents 
the reading taken either 3 ft. above a sur- 
face or 3 ft. away from a stock of material. 
Measurements were taken throughout the 
general plant area, in the concentrate- 
handling areas, and outside of the plant 
over ore and tailings piles. The data show 
that the highest level of radioactivity was 
found in those areas where concentrate ma- 
terials are handled. Here both B- and 
y-radiation readings indicate the possibility 
that exposure of personnel who must stay 
in these areas for 40 hours a week will 
exceed 50% of the maximum permissible 
exposure. The values measured in the rest 
of the plant, however, are sufficiently low to 
indicate that no one should receive radiation 
doses approaching maximum permissible. 
In any event, however, it is to be noted that 
levels are high enough to require personal 
monitoring devices for all personnel going 
into areas where concentrate materials are 
handled for significant periods of time. 
These devices may not be necessary for 
other personnel. It can be seen that the 


TABLE 11—Radon Concentrations in Air Over 


Mill Av. Cone., C/L. X 10 


* MPC for general environment: 3.3X10-'* ¢/L. (3.3X10-* 
uc/ml.)=Part 20 


Harris et al. 


readings taken over the ore piles are slightly 
but not significantly higher than those taken 
in the tailings areas. Readings at 3 ft. over 
the tailings materials appear to average 
about 1 mr per hour of y-radiation at 3 ft. 
This would indicate a somewhat but not 
significantly higher reading closer to the 
ground. It is estimated from measurements 
taken at contact that the 1-ft. levels would 
probably average about 2 mr per hour. In 
view of this, it may be necessary that the 
general public be excluded from these areas. 
Radon.—In addition to direct radiation 
measurements over the tailings heaps (to 
which access by the general public was pos- 
sible), air samples were taken for the 
evaluation of radon. These data are shown 
in Table 11. All the values which were 
obtained are approximately at or above the 
permissible amount stated in Part 20 as 
applying to the general public. In general, 
it is noted that the older the plant, which 
in turn means the larger the tailings stock- 
pile, the higher the radon concentration. 
Radium in Effiuents—Because of the 
very low concentration of radium which is 
permitted in drinking water, a superficial 
study was made of the contribution of the 
plant effluents to local surface waters. The 
data cannot be accepted as having great 
meaning because, obviously, a surface-water 
TABLE 12.—Plant Effluent Data: Average Radium 
Concentration in Water, pc/MI. 10°° * 


Location 

Downstream 

Plant 3 Miles 

Mill Upstream Effluent 1 Mile or More 
A 
B 4 70 17 6 
Cc 3 4 

0.15 0.78 


* MPC for general environment: 4X10-* yuc/ml.=Part 20; 


(1) Only seepage from tailings pond; (2) mostly insolubles as 
slurry (soluble 10-* we/ml.). 
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| 
Tailings * 
2.8 
13.5 3 2.5 3 : 
8.1 H 2.5 18 25 0.4 
6.5 I 0.25 1 (1) 0.75 0.75 
K 7 4,000 (2) 57 31 


study should be made throughout the four 
seasons of the year and also in much more 
detail than it was possible at the time of 
this study. The samples which were taken 
from the local streams were taken along the 
banks of the river on the plant-side of the 
stream. No attempt was made to obtain 
samples across the width of the stream nor 
through its depth. Samples were taken both 
upstream and downstream to reflect the 
background levels. Data were also obtained, 
where possible, directly from the effluent 
flow. Table 12 shows these data. It can be 
seen, with a single exception, for what these 
data are worth, the contribution of the plant 
to the local surface waters is not inordinately 
high. Table 13 shows concentrations in soil 
samples which were obtained concurrently 
with the water samples. Here it can be seen 
that there is a significant accumulation of 
radium in the soil which will tend to deplete 
the radium contribution to the 
waters. 

Uranium-Radium Ratios.—An effort was 
made to correlate the gross a-count which 
was obtained from the samples taken in 
ore-handling areas with the concentration 
of uranium and radium in the samples by 
chemical analysis. In Table 14 is shown a 
list of 37 samples which were analyzed for 
several components. The samples were 
counted when they were brought to the 
Laboratory and recounted periodically until 
a stable reading was obtained. The samples 
were then analyzed for uranium content and 
for radium content. Table 14 shows a sig- 
nificant reduction in the count with time. 
This will be discussed later. The Table 
that the average proportion of 


surface 


shows 
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TABLE 14.—Isotopic Breakdown of Air Samples (Ore Areas) 


TABLE 13.—Radium Analysis of Stream Muds and 
Sediments 


Radium Concentration, Mud 


Downstream 
In Discharge 3 Miles 

Mill Upstream Canal 1 Mile or More 
A 

B 3.0 300.0 11.0 4.0 

D 0.5 2.5 04 0.5 
- 

F 

G 0.5 270.0 5.0 11.0 
H 08 68.0 0.8 1.0 

I 0.35 17.0 0.6 0.4 

J = 


uranium in the samples is 24.5% and the 
radium 12.3%. This would indicate that in 
the ore samples the uranium and radium are 
in radioactive equilibrium with all of the 
daughters. 

The uranium decay series shows that one 
would normally expect eight of the isotopes 
in this series to decay by a-emission. Two 
of the materials (U-238 and U-234) are 
elemental uranium. Computation, therefore, 
of the number of d/m of uranium as 
analyzed chemically should result in an 
a-count which is 25% of the total. Inas- 
much as there is only one radium com- 
ponent, this should be 12%% of the total 
count. This was actually found to be the 
case. 

This Laboratory has used the ratio of 
Sug. of uranium as equivalent to 7 d/m in 
converting analytical results to count. An 
excellent opportunity presented itself to 
verify these values by analyzing the uranium 


Gross a-Count, D/M 


Samples Initial Final ug. 


Mill 


B 


G ll 176 98 12 
kK 15 363 300 65 
Total 


Uranium 


3-3 
we 
nm te 

> 


Radium 
Ra & U 
D/M % % 


* Computed 
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TABLE 15.—Uranium Count/Analysis Ratio (Concentrate Areas) 


Gross a-Count, D/M 


Mill Samples Initial Final ug. D/M * % D/M % 


Uranium Radium 


10 - 100 73.5 102 102 4.1 4.0 106 
E 8 6,500 5,600 4,050 5,610 100 40 08 101 
F 12 — 490 306 430 88 48 1.0 89 
G 7 2,950 1,890 1,217 1,705 90 2.5 0.1 90 
H 12 1,540 1,335 1,120 1,570 117 3.5 0.2 117 
K 2 2,060 1,800 1,380 1,930 107 4.5 0.2 107 


51 


1,640 
Count/Analysis=1.37 


* Computed. 


content of concentrate samples which had The anomalous 
previously been counted. In Table 15 is 
shown the results of these analyses. An 
average of 51 samples analyzed radiometri- 
cally showed a count of 1,640 d/m, while the 
average of all of the analyses of these 
samples was 1,200ug. of uranium. The ratio 
between these values is 1.37, which is 
in reasonably good agreement with the 
theoretical value. 


counting information 
which was derived from the samples that 
were counted repeatedly for many weeks 
was also investigated. In Figure 4 is shown 
a plot of the decay of 10 samples which 
were followed for about three months. De- 
ducting the final count, which presumably 
represents the long-lived fraction, results 
in a second curve, also in Figure 4, which 
represents the decay of the short-lived ma- 


Fig. 4—Decay of ore 
samples. 
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terial. This decay curve very closely ap- 
proximates the decay of radon. This would 
indicate that in the course of obtaining a 
sample in a moderately high radon atmos- 
phere, as one would expect to find in the 
ore-handling areas, a significant amount of 
radon gas is adsorbed in the dust. This, of 
course, presents a problem in interpreting 
the results of such samples. It appears 
necessary to permit the samples to decay 
for about 2% months before one could be 
reasonably sure of the concentration of 
long-lived materials. Inasmuch as this effect 
was not expected, no serious effort was 
made to evaluate it with special samples 
taken in the plant and analyzed immediately. 
Most of the original counts of these samples 
were performed after a delay of about 
30 days so that the extrapolations are neces- 
sarily crude. Further studies will be per- 
formed to evaluate this effect. 


Comment on Results 


Occupational Exposures to Radioactive 
Dust—From Table 1 it can be seen that 
approximately one-third of all of the mill 
personnel studied are exposed to concentra- 
tions of dust wherein the total a-count ex- 
ceeds the permissible level set in Part 20 for 
uranium. It should be noted, however, that 
a significant portion of this personnel is 
engaged in handling ores. Inasmuch as the 
ore material derives only 25% of its count 
from uranium and 12%9% of its count from 
radium, it will reduce the number of per- 
sons showing high exposure if we recompute 
the levels by isotope. This has been done 
in Table 16. In this Table is shown the 
per cent of plant population exposed to more 
than 5X10-'uc. per milliliter of gross 
a-material, what the per cent would be if 
we considered uranium material only, 
radium material only, and if the sum of 
uranium plus radium is used. The values, 
of course, vary considerably from plant to 
plant. However, it can be seen that, despite 
the fact that the maximum permissible level 
for about one-half that of 
uranium, only 1.5% of the total plant popu- 
lation have exposures to radium exceeding 


radium is 
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TABLE 16.—Daily Average Exposures Exceeding 
MPL of Gross a, Uranium, and Radium 


% Plant Population 


Gross Uranium Radium 
Mill a-Count Only Only Ra & U 
A 45 40 0 40 
B 18 y 0 10 
Cc 48 47 5 47 
D 10 8 8 8 
E 55 43 0 47 
F 17 ll 3 ll 
G 31 16 0 16 
H 55 53 53 53 
I 30 27 0 27 
J 49 33 0 35 
K 5a 29 0 34 
L 5 8 8 8 
Total 34 26 1.5 27 
Ore Handling Personnel Only 
Total Grossa Uranium Radium Ra & U 
Personne! 325 232 8&3 32 100 
% 100 71 25 10 30 


permissible. When the uranium exposures 
are computed according to isotopic content, 
we find that the percentage of the popula- 
tion is reduced from about one-third of the 
personnel, on the average, to about one- 
fourth. Adding radium does not signifi- 
cantly change this value. 

From this it can be seen that radiometric 
counting of dust samples taken in the ore- 
handling areas somewhat overemphasizes 
the concentration, In order to compute a 
completely accurate personnel exposure, it 
is necessary that some device other than 
gross a-count be used in those areas where 
ore materials are handled. However, in 
these plants the difference in accuracy is 
probably not worth the considerably in- 
creased difficulty of assessment. Use of 
the total a-count as a criterion results in 
a somewhat conservative estimate of the 
exposure than is necessary. If anything, 
this should give increased credibility to the 
worth of counting as an evaluation procedure 
and reduce the necessity for measuring the 
individual isotopes. 

Attention should be called at this point, 
however, to the data shown in Figure 4. 
An extrapolation of this Figure indicates 
that had samples been counted the day after 
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the sample period, they would have reflected 
approximately 10 times the gross a-activity, 
on the average, as was in fact noted as 
having been contributed by the long-lived 
activity. Although this will vary from loca- 
tion to location and from time to time, this 
will further tend to increase the difficulty 
of interpretation of a measurement obtained 
by a simple count. 

In view of the above, we believe that it 
will be valuable to evolve a new method for 
evaluating the dust hazard in ore-handling 
areas which will permit ready assessment of 
the inhalation dose, but at the same time 
which will not unduly penalize the operator 
either by overemphasizing the amount of 
exposure or by requiring an unusual amount 
of effort. The data which are presented here 
are accurate but involved considerable effort 
and delay before answers could be obtained. 
Experimental work on such a procedure is 
being carried out in this Laboratory. 

In any event, the exposures in the ore 
handling areas are, in general, higher than 
the MPC. From the values listed in Ta- 
ble 3, it can be seen that at least in many of 
the mill areas where the ventilation was 
good, it was possible to process the ore 
without excessive airborne dust. In general, 
this was done with conventional ventilation 
such as is usually applied to siliceous ma- 
terials. Again, it is noted that this amount 
of ventilation would be necessary regardless 
of the mineral values. Specific controls are 
included in the section titled “Suggestions 
for Improving Occupational Exposures.” 

Wet Extraction Areas——Again from 
Table 3 it can be seen that airborne dust 
concentrations in the classification and ex- 
traction areas are, in general, acceptable. It 
may, in some cases, be necessary to install 
general ventilation in these locations, but no 
further control should be required. 

Precipitation, Filtration, and Final Prod- 
uct Handling.—Throughout all of the mills, 
the handling of concentrate was performed 
with some ventilation controls, but these 
seem to be inadequate. It appears from the 
values listed in Table 3 that precipitation 
and filtration do not require ventilation, 
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whereas, in the drying and packaging opera- 
tions, concentrations lie between 2 and 100 
times the permissible level, depending on the 
extent of control. More important, however, 
is the fact that in addition to exposing the 
personnel directly involved in drying and 
packaging, the secondary exposure from 
these processes to other mill personnel is 
highly significant. Attention is drawn again 
to Figure 2, which shows the strong in- 
fluence of high dust concentrations in the 
packaging area on values existing through- 
out the rest of the plant. 

Sample Preparation Despite the fact 
that relatively small quantities of material 
are handled in the sample preparation rooms, 
inadequate ventilation or improper use of 
ventilation permits airborne dust concen- 
trations in these areas to exceed the 
permissible amount. In some cases, the over- 
exposures are significant. It can be seen from 
Tables 4 and 5, however, that the general 
air concentrations in these areas are usually 
not too bad, but the breathing-zone concen- 
trations are very high. This would indicate 
that simple local exhaust ventilation should 
provide adequate control for the sampling 
operations. 

l’anadium.—Although some of the sam- 
ples showed vanadium concentrations which 
approach the recommended maximum per- 
missible level, it is not believed that any of 
the plant personnel are being overexposed 
to vanadium. This, however, can best be 
determined by the irritating effects of this 
material. Should the operators complain 
of irritation of the nose and throat, ade- 
quate control can probably be achieved by 
the use of respiratory protective devices. 
Inasmuch as the sample data do not show 
any health hazards in these areas, this kind 
of control should be adequate. 

Radiation.—Most of the radiation read- 
ings which were taken in the plants indi- 
cated acceptable radiation levels. In the 
concentrate areas, however, personnel expo- 
sures to both B- and y-radiations were high 
enough to warrant continual evaluation. 
This can best be accomplished by the pro- 
vision of personnel monitoring equipment 
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for all men spending significant time in the 
concentrate areas. B- and y-sensitive film 
devices would be satisfactory for this pur- 
pose. 


Plant Environs 


Radiation Levels—Although the radia- 
tion levels in many of the operating areas 
are higher than those which were found 
outside of the plant, the factor of 10 differ- 
ential which exists between the permissible 
dose to plant personnel and to the general 
population renders the problem outside of 
the plant somewhat more serious than that 
which exists at the operating stations. On 
the ore heaps and tailings piles, y-radiation 
readings of the order of 1 mr per hour 
were found at the 3-ft. level. This exceeds 
the value specified in Part 20, which speci- 
fies that continuous occupancy for seven 
consecutive days must not result in a dose 
of more than 100 mrem. While it is very 
unlikely that exposure times of this order 
might be expected, still the possibility must 
not be overlooked. The likelihood, for ex- 
ample, of children playing on these heaps 
should be considered, and it may therefore 
be necessary to exclude the general public 
from contact with both the ore and the 
tailings materials. Although the likelihood 
of average exposure times exceeding 30 
hours per week is very remote, the general 
public should be excluded from this poten- 
tial exposure. 


Radon.—In this connection also, the con- 
centration of radon in the air over the 
tailings pile in many cases exceeds the 
maximum permissible amount. As can be 
seen in Table 11, this may be significant. 
Here again, the area should be restricted 
to provide adequate protection. 


Radium E ffiuents—In only one case was 
the radium concentration in the stream 
passing the plant significantly higher than 
the maximum permissible level of 
4X10-®uc. per milliliter at a point three 
miles below the plant. Again, it should be 
pointed out that these values are very ten- 
tative because the survey was not designed 
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to yield fully reliable information. Some 
of the samples were taken at periods of 
high water, while others were taken while 
the streams were nearly dry, so that no 
average concentrations can be projected 
from the numbers given in Table 12. It can 
be seen, however, that when the back- 
ground levels are deducted, only one of the 
effluent streams shows a significant radium 
concentration. A much more extensive 
study of this, however, is necessary. 

Housekeeping—Measurements of a-sur- 
face levels and also direct radiation meas- 
urements indicate that much of the direct 
radiation and some of the airborne dust 
results from inadequate housekeeping. In 
many of the plant areas, especially in 
the ore-handling and final-product-handling 
locations, large accumulations of obvious 
visible dust were seen. The effect of this 
material on the airborne dust is especially 
noticeable in the ore processing plants, 
while the B- and y-radiation levels in the 
concentrate areas appear to be seriously 
affected by contamination there. It would 
appear to be necessary to keep these areas 
somewhat cleaner than would be dictated 
by usual industrial practice, even though 
cleaning to rigid laboratory contamination 
levels may not be required. 

Ordinary Chemical Hazards.—As in the 
case of all metallurgical operations, there 
exists in all of these plants potential haz- 
ards from ordinary chemicals. These in- 
clude large quantities of acid and alkali and, 
in some cases, resultant reaction products. 
At the time of this survey, these hazards 
were not evaluated. However, it was noted 
in several locations that potential hazards 
did exist. It is especially important that 
care be taken in the handling of ores con- 
taining materials which might form gaseous 
hydrides, such as arsine, stibine, and hy- 
drogen sulfide. In addition to these mate- 
rials, potential hazard from the following 
substances was noted: Cle, SOs, HCl, NHs, 
and HeSO, mist. Further efforts will be 
directed toward an evaluation of these ma- 
terials as well. 
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Suggestions for Improving 
Occupational Exposures 


Crushing and Sampling Area—The in- 
itial processing of raw ore is performed 
in the crushing and sampling area utilizing 
standard physical operations. The ore 
dumping, crushing, sampling, and ore move- 
ment by conveyors and bucket elevators are 
all very dusty. In fact, control procedures 
were generally inferior to those which are 
frequently common practice in the prepara- 
tion of ordinary crushed rock for road 
building. To reduce the dustiness of the 
crushing and sampling operations, the fol- 
lowing would be recommended: 

1. Dry ores should be wet down either 
at the ore dump location or some other 
place, prior to entering the mill proper. 

2. Cover and ventilate the top of the ore 
bin, and ventilate the ore bin shed. 

3. Provide a suitable, complete ventila- 
tion system throughout the sampling and 
crushing plant with all ore transfer points 
hooded and ventilated. All conveyor enclo- 
sures should be made tight to reduce escape 
of dust. All dust enclosures should be 
maintained tight. 

4. Dust collectors of the cloth filter type 
(bag houses) should be provided. 

Buck Room or Sample Preparation 
Room.—The bucking rooms are another 
source of high dust concentrations. Buck- 
ing rooms should be isolated from the plant 
proper. In addition, the following is rec- 
ommended: 

1. A local exhaust system should be in- 
stalled with hoods at the grinder, pulver- 
izer, blender, and riffler stations. Hoods 
should be adapted to each piece of equip- 
ment, providing as complete enclosure as 
possible consistent with good operation and 
have minimum face velocities of 100-125 
ft. per minute. 

2. Compressed air should never be used 
for clean-up, vacuum cleaning should be 
employed whenever possible. 

3. All exhaust systems should be con- 
nected to air-cleaning equipment. 

Concentrate Drying and Packaging.— 
The final product drying and packaging 
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areas can be extremely dusty, and ventila- 
tion was found to be minimal. Good ven- 
tilation in this area will not only provide 
protection for the operation but, in addition, 
would be economically advantageous in re- 
covering concentrate. 

1. The drying and packaging areas 
should be isolated from the plant processing 
area to avoid cross contamination. 

2. The drum-packaging station should 
be provided with a highly efficient exhaust 
hood. Some type of slot or lateral exhaust, 
designed to inhibit excessive product pick- 
up, is usually preferred. 

3. ,Either combine the drum-filling and 
weighing station to eliminate drum transfer, 
or move the weighing station close to the 
packaging station and provide an enclosed 
ventilated hood common to both product 
packaging and weighing, or duplicate the 
facilities. 

4. Eliminate open-tray drying and 
screening operations by using either a drum 
type dryer or a roaster. A successful pro- 
cedure for inhibiting dust at this operation 
employs an extrusion device which “rices” 
the cake to 4X %-in. pellets before calcin- 
ing. 

5. All pipe or auger sampling should be 
performed with the aid of ventilation. This 
operation may be performed with the ven- 
tilation provided under No. 2 above, al- 
though sample collection should also be 
ventilated or otherwise controlled. 

6. A highly efficient filtration type dust 
collector should be provided for this system 
to minimize product loss. ; 

General Recommendations.—1. The en- 
tire premises should be routinely cleaned 
up to remove all settled dust from the 
floors, walls, and rafters. 

2. Eliminate the practice of cleaning with 
brooms and/or compressed air in all areas. 
Clean-up operations are best performed 
with a vacuum hose, although wet cleaning 
may be more practical in certain areas. 

3. As an interim protection until ade- 
quate ventilation is provided, all operators 
should wear respiratory protective equip- 
ment while performing dusty operations. 
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This includes most ore handling, bucking, 


and final processing operations. 

4. The operators should not eat in the 
plant processing areas. Adequate facilities 
should be provided for eating lunches. 

5. All employees should be instructed in 
sound health and safety procedures. It 
should be emphasized that although ura- 
nium compounds are probably not more 
toxic than many other common materials, 
they are in the same class with lead, mer- 
cury, cadmium, and other of the more toxic 
metals and, as such, should be treated with 
a good healthy respect. The cavalier treat- 
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ment exercised by many of the employees 
in these plants indicates a complete lack of 
such respect. 

6. Limited access—to authorized person- 
nel only—should be maintained in all ore 
These areas 
should be posted and provided with fencing 
or other access limiting device. 

7. Care should be taken to limit the dis- 
charge of solid 


and tailings storage areas. 


wastes to local ground 
waters. The study of liquid wastes was in- 
adequate to define this problem. 
New York Operations Office, U. S. 
Energy Commission, 376 Hudson St. (14). 
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Study of the Toxicity of Dust with Use of the In Vitro 


Dehydrogenase Technique 


J. MARKS, M.D., Cardiff, Wales, and G. NAGELSCHMIDT, Ph.D., Sheffield, England 


The reaction of cells to dust in 
culture has been observed by many previ- 
ous workers, but until recently effective 
means of measuring the intensity of the 
dust effect were not available. The present 
communication records results obtained by 
the application to a wide variety of dusts 
of the in vitro dehydrogenase technique of 
Marks and James.’ The estimates of dust 


toxicity obtained by this method will be 
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tissue 


compared with the fibrogenic activities of 
the same or similar dusts observed in pre- 
vious studies in intact animals after intra- 
tracheal or intravenous injection. In 
addition, some observations on the rate of 
toxic action will be described which are 
of interest in relation to the mechanism of 
silica dust toxicity. 


Experimental Methods 


Except in the study made of rapid toxic action, 
the toxicity of dust to phagocytic cells was titrated 
by the dehydrogenase method described by Marks 
and James.* The cells were obtained from exudates 
induced in guinea pigs by the intraperitoneal injec- 
tion of medicinal liquid paraffin. Cell cultures con- 
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tained 3,000,000 macrophages in 2 ml. of medium, varying amounts of dust were added to the cul- 
except in some early experiments in which the tures, the bottles were gently shaken, and the loose 
cell population was based on the total and not the caps were replaced by caps containing rubber liners. 
differential count; in practice the difference was ‘he bottles were quickly sealed to reduce loss of 
slight. _ Details of the medium, atmosphere, _and carbon dioxide and incubated in a 37 C water bath 
incubation used and of the dehydrogenase estima- for one to four hours. After this period of contact 
tions are given in the work cited. between the cells and dust, the indicator sys- 
tem of tetrazolium and cysteine in Tyrode’s solu- 
tion was added and the caps were slightly loosened. 
The degree of coloration of the cells was noted 
after another hour's incubation at 37 C and the 
amount of reduced tetrazolium estimated colori- 
metrically after a further hour’s incubation. 


The numerical expression of the toxicity of in- 
dividual dusts was derived in the following way. 
In each titration, the dehydrogenase activity of cell 
cultures was determined after incubation with a 
range of dust concentrations for each of which 
either two or three cell cultures were set up. Three 
or four cultures were made without dust. The 
mean degree of dehydrogenase activity was plotted Dusts—The dusts were prepared by repeated 
against the logarithm of the dose of dust and from sedimentation or centrifuging in water, most of 
the curve was read off the amount of dust per them in the range between 0.54 and 24 Stokes 
culture required to depress activity to 50% of the diameter. The size distribution of each sample was 
controls’ level. This amount was termed the toxic determined by counting and sizing several hundred 
dose. Dose intervals were twofold for most dusts particles with an electron microscope. From the 
but fourfold for the more toxic silica dusts, for counts the volume-surface diameter (Dus) was de- 


yhich the dose-response curves were less stee 
P rived (Des , the values of Dus being ac- 
(Figure). = nd? 

To study the early stages of dust toxicity, cell Curate to about +15%. 
cultures were incubated in the usual manner but An approximate relation gives for samples of 


without the addition of dust. After 16 hours, narrow size range the number of particles per 


TABLE 1.—Classification of Dusts According to Their Toxic 


Mean Toxic 
Dose, No. 
Dust Ref. No. Treatment Dvs, u ug/Culture Experiments 


Tridymite 2612 - 1.3 1.3 4 
Tridymite 4485 Extracted with saline for 1 yr. 13 4.2 8 
Tridymite 5145 Mixture of fine & coarse samples 0.7 4.5 3 
Cristobalite 2571 _— 1.3 3.5 3 
Quartz (Madagascar) 4248 — 1.6 6.2 l 
Quartz (Madagascar) 3867 -- 1.5 9.2 3 
Quartz (Madagascar) 3867 Etched with NaOH (5644) 2.0 2.7 3 
Quartz (Madagascar) 3867 Etched with HF (3892) 1.24 2.6 3 
Quartz (Madagascar) 3867 Etched with HF & electrodialyzed (4397) 14 Td 3 
Quartz (Madagascar) 5222 — 1.6 74 4 
Quartz (Madagascar) 5222 Etched with NaOH (5704) 1.5 48 4 
Quartz (Madagascar) 5222 Etched with NaOH & electrodialyzed (5706) 1.7 8.1 4 
Vitreous silica 2835 _— 17 7.3 3 
Belgian quartz (Snowit) 2866 _ 13 190 2 
Belgian quartz (Snowit) 2866 Treated with HCl 13 20 2 
Belgian qua*tz (Snowit) 2850 - 1.9 250 2 
Belgian quartz (Snowit) 2850 Treated with HCl 1.9 55 2 
Calcium fluoride 2996 _ 1.0 80 4 
Kaolin 3146 0.5-Ly 170 2 
Kaolin 3146 Treated with HCl (5727) N. D. 160 2 
Felspar 7076 _ 13 310 2 
y-Alumina 1342 Heated at 820 C for 1 hr. 0.03 360 3 
a-Alumina 1336 Heated at 1220 C for 5 hr. 1.0 > 1,000 3 
Aluminium phosphate 2518 Quartz structure 1.0 680 3 
Aluminium phosphate 2507 Tridymite structure 0.9 97 3 
Ferric phosphate 2267 Quartz structure 1.1 890 3 
Anthracite 3965 _— 2.2 580 2 
Bituminous coal 3968 - 1.9 1,000 3 
Bituminous coal 1849 _- 1.3 1,000 3 


* The amount necessary to depress by 50% the dehydrogenase activity of standard cultures of phagocytic cells. 
+ Stokes diameter, microns. 
N. D. Not determined, but appeared unchanged; only 3% loss of mass occurred. 
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Silica Modifications Ref. No. Size Range, u 


Tridymite 

Cristobalite 

Vitreous silica 6032 
6033 


4964/4894 
4984/4974 


Quartz 


Calculated No. 
Particles/Cell 
at Toxic Dose 


Toxic Dose, 
ue/Culture 


7x108 

p(Dvs)*’ 
sity of the dust. This relation holds approximately 
for all forms of 


microgram as Nyug.= where p is the den- 


free silica and for other ma- 
terials which do not have a pronounced plate-like 
or fibrous habit. 


Results 


The different types of dust examined and 
the toxic 
more samples of each are 


Table 1. 


toxicity, the samples included in the Table 


dose determinations of one or 
recorded in 


Since particle size affects dust 


were limited to those of a fairly similar 
size range except for y-alumina, for which 
none was available. From the results pre- 
sented it is clear that the in vitro toxicity 
of different types of dust may vary con- 
siderably. The dusts examined have 
listed approximately in the order of their 
toxicity, but a detailed classification would 
be premature because full account has not 
been taken of differences in particle size 
distribution and in the completeness of dis- 
persion of particles. 

Modifications of Silica—The toxicity to 
tissue cultures of tridymite and cristobalite 
was approximately of the same degree and 
about twice as great as that of quartz and 


been 


vitreous silica. Although in some compari- 
sons vitreous silica appeared to be more 
active than quartz (Table 2), in others the 
reverse held, and in general the toxicity 
of these two was of the 
same order. The toxicity of somewhat im- 
pure samples of quartz prepared from Bel- 
gian glass sand (Snowit) was relatively 
low, but it increased considerably after the 
dust was held in 5N HCl for 48 hours at 
37 C. 


forms of. silica 


Marks—Nagelschmidt 


The results presented agree with previous 
studies of the fibrogenic activity of silica 
dust in demonstrating the greater activity 
of tridymite and cristobalite. The equiva- 
lence of quartz and vitreous silica in vitro 
corresponds better to the results of rela- 
tively short-term observations in mice, i. e., 
up to three months (Zaidi et al.*) than to 
experiments on rats extending over a year 
(King et al.*), in which quartz was some- 
what the more active. The apparent increase 
in the fibrogenicity of quartz relative to 
that of vitreous silica in long-term as com- 
pared with short-term experiments may be 
due to the slow removal of a less active 
surface layer. This supposed leaching ef- 
fect may be compared with the action of 
etching agents described below. 

Snowit quartz has considerable fibrogenic 
activity (Magarey and Gough*). The rela- 
tively low toxicity of this quartz in vitro 
may be due to the metallic impurity (e. g., 
aluminum oxide) known to be present in it, 
and the enhancing effect on toxicity of 
treatment with hydrochloric acid may be 
due to the removal of such impurity. Dur- 
ing the relatively long periods of observa- 
tion in animals there would be opportunity 
for impurities to be removed from silica 
dust by solution and excretion and also, if 


the impurities are present as separate par- 
ticles, for them to be spatially separated 
from the silica. 


Surface Treatment of Quartz—The fi- 
brogenic activity of quartz in rats’ lungs is 
considerably increased by etching with so- 
dium hydroxide or hydrofluoric acid, and 
the increase is lost when the etched quartz 
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: TaBLe 2.—The Relation of Toxic Dose to Particle Size with Different Modifications of Silica : 
Dvs | 
1-2 2.6 7 0.4 i 
2-5 5.2 35 0.3 : 
1-2 2.0 14 
2-4 4.0 38 0.6 
: 1-2 2.3 17 15 
2-4 6.3 93 04 Bes 
1-2 2.1 37 3.5 
‘ 24 4.5 470 4.5 : 


Tas_e 3.—The Fibrogenic Activity and Cell 
Toxicity of Etched and Unetched Quartz 


Relative Relative 
Collagen Toxicity to 
Ref. No. Production * Macrophages 


Quartz untreated 3867 1.0 1.0 
Quartz etched 

(HF or NaOH) 3892/5644 2.4 2.7 
Quartz etched & 

then electrodialyzed 4397 0.6 1.0 


* Calculated from data of Englebrecht et al.* 


is electrodialyzed (Englebrecht et al.°). 
The same dusts used in this work were 
obtained for the present investigation and 
appear in Table 1 as Sample 3867 and its 
modifications. However, it was necessary 
to etch more of Sample 3867 with sodium 
hydroxide for our studies. The toxicity of 
the four dusts was estimated in vitro by 
the glucose consumption technique of 
Marks and James,’ as well as by their 
dehydrogenase method. The pooled results 
of the in vitro determinations are compared 
in Table 3 with the previous estimations of 
fibrogenic activity. 

Particle Size—Most of the samples of 
dust examined in the present investigation 
were in the Stokes diameter range of 
0.5u-2n. Very fine silica dusts (e. g., 
or less) could not be examined satisfactor- 
ily in a quantitative manner because the 
particles tended to adhere to one another 
and their degree of dispersion varied in 
different experiments. The most satisfac- 
tory results were obtained with samples in 
the Stokes size range of lyu-2y, which dis- 
persed well, settled rapidly, and gave clear- 
cut endpoints in toxicity titrations. 

A study of the effect of particle size 
on toxicity is illustrated in Table 2. It was 
clear that in the size range studied toxicity 
was not directly related to surface area. 
Calculation shows that at the toxic dose 
level (50% depression of dehydrogenase 
activity) the number of particles per cell 
was less than unity in several cases and 
did not exceed 4 in the rest. The number 
of particles in relation to the number of 
cells was thus an important factor. Since 
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in each comparison the particles in the 
larger size range were at least eight times 
as heavy as those in the smaller, the reason 
for the weight ratios of the toxic doses be- 
ing considerably larger than 2 is evident. 
However, the ratios did not reach the theo- 
retical values except in the case of quartz. 
The low ratio of the numbers of particles 
to numbers of cells found with certain of 
the dusts suggests that a single particle may 
injure more than one cell. During the 
three-day period of incubation, cells which 
have taken up dust may die and be ingested 
by other cells which are damaged in turn. 

Variation in particle size affected the tox- 
icity of silicates only to a relatively small 
extent. For example, the toxic dose for 
kaolin of Stokes diameter 0.5u-24 was 
170ug. per culture, and for kaolin of 2.5p- 
5u it was 270ug. per culture. 

Anomalous Silica Dusts——During the 
present investigation, 36 samples of silica 
dust have been examined. Of these, three 
were anomalous in being much less toxic 
than expected from their size range. Their 
toxicity was not increased by treatment 
with acid. These dusts differed from the 
rest in adhering tenaciously to the bottom 
of glass containers when suspensions were 
allowed to stand for one or more days. 
The cause of this behavior, which may be 
related to the low degree of toxicity, has not 
yet been determined. 

Variation in Estimates of Toxic Dose. 
Estimates of the toxic doses of the tridy- 
mite Sample 4485 (Dvs=1.3u) were found 
by Marks and James to give a mean of 
4.2ug., S. D. 0.90, n=8. The variation was 
somewhat less with a coarser, more uni- 
formly dispersed sample (No. 2424, 
Dvs=7.6u), the mean toxic dose being 
21.8yg., S. D. 3.7, n=8. The variation with 
less toxic dusts observed in the present work 
was reasonably small, a finding probably con- 
nected with their steep dose-response curves 
(Figure). It was observed that the varia- 
tion in determinations made on silica dusts 
was less if the toxic dose was defined in 
terms of a 66% or 75% depression of 
dehydrogenase activity. However, such a 
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course would diminish to some extent the 
differences in toxic dose between different 
types of dust. Accuracy may be increased 
without this disadvantage by using more 
replicates for each determination and if 
practicable by choosing a narrow size range 
which gives a_ well-dispersed suspension, 
e. g., lu-2u Stokes diameter. 

Rate of Toxic Action—The period of 
three days used to incubate cells with dust 
was somewhat arbitrary, being chosen as 
the maximum time available for the dust to 
exert its effect without the necessity for 
a change of medium in the tissue culture. 
It appeared of interest to investigate the 
results of shorter periods of exposure to 
dust. In these studies, which will not be 
presented in detail, it was observed that low 
multiples of the toxic dose of a silica dust 
could depress the dehydrogenase activity 
of a culture after only one or two hours’ 
incubation. This rapid toxic action was 
seen both with untreated silica dusts and 
with quartz having the low solubility of 
1 mg. % after treatment with sodium hy- 
droxide (Sample 5644) or hydrofluoric 
acid (Sample 3892). 

Dusts Other Than Free Silica —Calcium 
Fluoride: Calcium fluoride has been found 
to be toxic to phagocytic cells in the lungs 
of rats but only mildly fibrogenic (King 
et al.£). However, it appears to be more 
fibrogenic in rats (Policard and Collet *) 
when given intraperitoneally. It proved to 
be less toxic in vitro than pure silica but 
more toxic than the remaining dusts ex- 
amined. Its depression of sugar metabolism 
in tissue culture was somewhat greater than 
expected from its effect on respiration, an 
observation suggesting that its toxic effect 
is due to the liberation of fluoride ions. A 
dust which readily dissolves to give a toxic 
product may well appear more injurious in 
tissue culture where the dissolved material 
is confined than in vivo where diffusion and 
excretion can take place. 

Silicates and Slate: The toxicity of kaolin 
and felspar was relatively low, kaolin being 
the more active. It is of interest that apart 
from a few cases in which kaolin has been 
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(Hale et al.4) there is little 
evidence that silicates, with the exception 
of asbestos minerals, are an industrial dust 
hazard; they also have little or no fibro- 
genic activity in the lungs of rats. Treat- 
ment of kaolin dust (Belt and King ®), 
shale, or the mica sericite (King et al.?) 
with acid was found to increase their fibro- 
genicity. ‘Similar comparisons for slate and 
felspar dust do not appear to have been 
carried out, but an acid-washed slate dust 
isolated from a human lung has proved to 


incriminated 


be moderately fibrogenic in rat lung in 
contrast to the very slight activity shown 
by untreated slate dust not obtained from 
lung (King [1958]?!). In the present work, 
preliminary treatment with acid almost 
doubled the toxicity of slate and felspar 
dusts but had no effect on kaolin or musco- 
vite. A considerable loss of material oc- 
curred on treating the slate dust with acid, 
and its particle size became somewhat 
smaller; the silicates lost less and appeared 
unaltered in size. The observations on acid 
treatment of felspar, mica, and slate are 
omitted from Table 1 because the dust 
samples used were somewhat coarser than 
the other dusts listed in it. 

Alumina: y-AlgO3; made by heating alu- 
minium hydroxide for one hour at 820 C 
was slightly toxic in vitro and a-Al2O; 
made by heating aluminium hydroxide for 
five hours at 1,220 C was inert. The relative 
toxicity of these two forms agrees with 
their relative fibrogenicity (Stacy et al.™), 
but the toxicity of the y-form was some- 
what less than expected from its moderate 
activity in vivo. The significance of the 
difference in activity between the two forms 
is uncertain, since the y-form had much 
the smaller particle size. 

Aluminium and Ferric Phosphates: These 
phosphates are of interest because of the 
resemblance of their crystal structure to 
that of silica. They proved to have very 
little effect on phagocytic cells. Ferric 
phosphate with quartz structure has also 
been found inert in animals (Stacy et al.!*). 
Agreement is lacking about the in vivo ac- 
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tivity of aluminium phosphate for, although 
King et al.“* obtained Stage 3 fibrosis in 
the lungs of rats, Pratt et al.’* and Rittner 
et al.° found it inert in guinea pig lung 
and the peritoneal cavity of mice, respec- 
tively. 

Coal: The effect of coal in tissue culture 
was very slight, that of anthracite being a 
little more evident than that of bituminous 
coal. It is possible, however, that this dif- 
ference was due to anthracite being more 
easily wetted and dispersed with a conse- 
quent facilitation of phagocytosis. Many 
animal experiments from different labora- 
tories have found pure coals of different 
rank to be equally inert, with the exception 
that Ravin and Enjakova'* found anthra- 
cite to be more pathogenic than bituminous 
coal in the lungs of rabbits. 


Comment 


A considerable degree of correlation has 
been observed in the present work between 
the reaction of isolated phagocytic cells to 
dusts and the tissue reactions known to 
occur in the intact animal. However, dis- 
crepancies have been met which would make 
it hazardous to predict the behavior of a 
dust in man from its toxicity to cell cul- 
tures. Impure quartz dust provides an 
example of divergence between in vitro and 
in vivo results. The factor responsible for 
the discrepancy appears to be the confined 
conditions of tissue culture which result in 
the retention of a neutralizing impurity, 
probably aluminium or iron. On the evi- 
dence available at present, it appears that 
any relatively insoluble dust which proves 
to be moderately toxic in vitro is likely to 
be capable of inducing fibrosis in vivo. It 
would appear to be reasonable to treat less 
active dusts with acid before tests in tissue 
culture, to imitate the long-continued leach- 
ing action of body fluids. If these dusts 
continue to display little or no toxicity they 
are likely to be harmless in vivo, but more 
investigation is necessary to determine the 
reliability of predictions of this type. In 
order to ensure adequate dispersion of the 
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dust, which is necessary for its uniform 
uptake by macrophages, the diameter of the 
dust particles should be of the order of 
lp-2n and the number of particles below 
0.54 should be kept small. 

The general concordance of toxicity and 
fibrogenic activity supports the hypothesis 
that the primary dust lesion in animals 
stems from injury caused to the phagocytic 
cells which take up the dust, in chief the 
macrophages, and it appears unnecessary to 
postulate any direct action of dust on con- 
nective tissue. The apparent role of macro- 
phages in initiating the fibroblast reaction 
suggests that a study of substances liberated 
by macrophages on injury of this kind 
would be of value. 

If the biological activity of silica dust is 
first exerted within the macrophages, it 
presumably derives either from the com- 
bination of an essential cell constituent with 
the surface of the particles or from the 
liberation into the cytoplasm of a toxic 
substance, presumably silicic acid, or from 
both. The rapid depression of dehydro- 
genase activity observed when cells and 
silica dust are incubated together suggests 
that the former mechanism is the more 
likely, particularly as a rapid toxic effect 
was obtained with quartz of low solubility 
after treatment with sodium hydroxide or 
hydrofluoric acid. The injurious nature of 
the surface of silica particles is not under- 
stood. The basic protein cytochrome C is 
bound and inactivated by silicic acid (James 
and Marks 1"), and it is possible that this 
or similar proteins or perhaps trace metals 
interact with the silanol (SiOH) groups on 
the surface of the silica particle and are 
thus made unavailable to the cell. The ob- 
jection that silica dust would become satu- 
rated with such cell constituents, whereas it 
retains fibrogenic activity for a very long 
period in the animal body, could be obvi- 
ated if the combination were reversible. If 
this were the case and if it may be assumed 
that cell constituents of the pertinent type 
occur in higher concentration within the 
cell than in tissue fluid, dust would to some 
degree release bound substances on the 
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death of the phagocytic cell and thus regain 
potential toxicity before ingestion by an- 
other phagocyte. 


Summary 


Macrophages were incubated with dust, 
and their capacity to reduce tetrazolium 
(dehydrogenase activity) was measured. 
The quantity of dust which reduced the 
activity of a standard cell culture by 50% 
was called the toxic dose. A comparison 
was made between the toxic doses of vari- 
ous types of dust and previous observations 
on the fibrogenic activity of the same or 
similar dusts made in intact animals. With 
certain qualifications, good correspondence 
was found between the two techniques. On 
the basis of the results obtained, a hypoth- 
esis is advanced concerning the mechanism 
of the biological effects of silica dust. 

Dr. I. Bergman prepared the silica samples used 
in Table 2, Mr. J. Cartwright made and evaluated 
all measurements of size distributions, and Mr. 
P. J. Patterson gave technical assistance. A grant 
for apparatus was provided by the Medical Re- 
search Council. 
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The Toxicology of Uncured Epoxy Resins and Amine 


Curing Agents 


HERBERT H. CORNISH, Ph.D., and WALTER D. BLOCK, Ph.D., Ann Arbor, Mich. 


The industrial use of epoxy resins has 
expanded rapidly in the last few years. 
These materials are used in surface-coating, 
laminating, casting, molding, encapsulating 
of electronic circuits, and many other in- 
dustrial processes. The divergent uses of 
these materials has led to the development 
and production of a great variety of epoxy 
resins, resin modifiers, and curing agents. 
In spite of the growing number of indus- 
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trial uses of epoxy resins Morris! has 
pointed out the lack of adequate informa- 
tion concerning the toxicity of these mate- 
rials. Reports of a high incidence of 
contact dermatitis among workers using 
various epoxy resin formulations have ap- 
peared in the literature.* Grandjean * has 
reported an incidence of dermatoses as high 
as 43% in factories making use of epoxy 
resins. Sensitization rates of 10% have 
also been reported.® In most cases it is not 
known whether the high incidence of der- 
matitis and sensitization is due to the un- 
cured epoxy resin, the resin modifier, the 
curing agent, or the cured resin. 

Uncured epoxy resins are polyethers with 
reactive terminal epoxy groups as illustrated 


Fig. 1—General structural formulas and curing reaction of materials used in epoxy resin 


formulations. 


A, structural formula for epoxy resins of high molecular weight; 


B, structural 


formula ne _epoxy resin modifiers of low molecular weight derived from butanol and 1,4- 


butanediol ; 


, general structural formula for curing agent (hardener) containing primary and 


secondary amine groups; D, general reaction between an uncured epoxy resin and an amine 


curing agent. 
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in the structure shown in Figure 14. This 
structure represents one of the commonest 
types of uncured epoxy resin, which is a 
condensation product of epichlorohydrin 
and pp’-isopropylidene-diphenol Bisphe- 
nol-A). In addition to this high molecular 
weight resin, many resin formulations also 
contain an active epoxy resin modifier of 
low molecular weight which is added to ad- 
just viscosity. Two such low molecular 
weight modifiers are shown in Figure 12. 
One of these modifiers contains a single 
epoxy group, while the other has two reac- 
tive epoxy groups in the molecule. 

The transformation of the uncured liquid 
epoxy resin and resin modifier into a hard 
cured resin can be accomplished by the 
addition of a curing agent (hardener). 
Curing may take place at room temperature 
or may require an elevated temperature, 
depending on the nature of the curing 
agent. Aliphatic amines, organic acids and 
anhydrides, and hydroxy compounds may 
act as curing agents. Many polyfunctional 
amines of the type shown in Figure 1C 
have been used to bring about the curing 
of epoxy resins at room temperature. The 
presence of aliphatic hydroxy groups in 
amine hardeners appears to speed up the 
curing process. A general reaction between 
the epoxy group of an uncured resin and 
the secondary amine group of an amine 
curing agent illustrates the curing process. 
This reaction is shown in Figure 1). A 
detailed discussion of the chemistry and 
curing of epoxy resins has recen‘ly been 
published by Lee and Neville.® 

Owing to the expanding use of epoxy 
resins and the lack of toxicity data on many 
of these materials, an investigation of the 
animal and human toxicity of a series of 
epoxy resins, resin modifiers, and amine 
curing agents has been initiated in this 
laboratory. A report on the human irri- 
tancy and sensitization studies has been 
published.7 The present report concerns 
the results obtained with range-finding tox- 
icity tests in animals and the acute and 
chronic inhalation study of a typical amine 
curing agent. It should be noted that this 
Cornish—Block 
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is an investigation of the toxicity of the 
chemically active epoxy resins, epoxy resin 
modifiers, and amine curing agents used in 
the formulation of epoxy resins rather than 
a study of the more inert cured resin prod- 
uct. Hine et al. have recently reported 
that, in general, the cured epoxy resins 
have a low order of toxicity. 


Materials 


Three types of materials are included in the 
present study: (1) uncured epoxy resin (CD 
15003),* (2) uncured epoxy resin modifiers (CD 
15004B and CD 15006A), and (3) amine curing 
agents (CD 16003, CD 16005, CD 160094 CD 
16018A, CD 16019A, and XH 173-50). 

Uncured Epoxy Resin—CD 15003 is a typical 
epoxy resin obtained by the condensation of 
epichlorohydrin with pp’-isopropylidene-diphenol 
( Bisphenol-A) and has the type of structure shown 
in Figure 14. It is a pale amber liquid resin 
containing 2,3-epoxypropyl ethers of both diphenols 
and aliphatic alcohols. No free phenolic groups 
are present. It is soluble in aromatic hydrocarbons 
and ketones and insoluble in water. The epoxy 
assay is 182-192 gm. per gram-equivalent of 
epoxide. Between 65% and 75% of this material 
distills at approximately 300 C. 

Uncured Resin Modifiers —CD 15004B is a com- 
mercially pure grade of 2,3-epoxypropyl ether of 
butanol-1. It is a light-colored liquid soluble in 
alcohol and acetone but only slightly soluble in 
water. The epoxy assay is 130-145 gm. per gram- 
equivalent of epoxide. Ninety per cent of this 
material distills at 160-170 C. 

CD 15006A is a technical grade of 1,4-bis-(2,3- 
epoxypropoxy)-butane. It is a light-colored liquid 
soluble in alcohol and ketones but only slightly 
soluble in cold water. The epoxy assay is 144-154 
gm. per gram-equivalent of epoxide. 

Amine Curing Agents (Hardeners).—The mate- 
rials included in this study are all adducts of 
polyaliphatic amines and contain primary and sec- 
ondary aliphatic amino groups, as well as aliphatic 
hydroxyl groups. In contrast to many other amine 
curing agents, these materials do not contain 
halogens or metallic salts. Hardeners of this type 
are used in room-temperature curing operations. 
XH _ 173-50 is an experimental hardener produced 
as the result of a research program to develop 
amine curing agents of low toxicity. Physical and 

* Resin in laminating mix RP-1130, Technical 
3ulletin 1001R, Ren Plastics, Inc., Lansing, Mich. 

+ Curing agent (hardener) in the 1700 series of 
epoxy resins, Technical Bulletin 1001R, Ren 
Plastics, Inc., Lansing, Mich 
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Taste 1.—Physical and Chemical Properties of Amine Curing Agents (Hardeners) 


Viscosity, 25 C, 


Specific Gravity Centipoises 


1.06-1.09 
CD 16005 1.03-1.05 200-500 
CD 16009 1.01-1.02 420-600 
CD 16018A 1.03-1.04 2,575-2,700 
CD 16019A 1.04-1.06 2,750-3,300 


XH 173-50 1.01-1.02 


Solubility * 
Amine Content, 


mEq/Gm. Alcohol Water 


14.2-15.1 ss 

19.0-19.5 s 
17.3-18.9 s ss 
14.9-15.3 s ss 
13.6-14.0 s ss 
17.3-18.5 


chemical properties of these amine hardeners are 
presented in Table 1. 


Methods 


The range-finding toxicity procedures are es- 
sentially those described by Smyth, Carpenter, 
Weil, and Pozzani.* All animals were maintained 
on a normal laboratory chow diet. Male rats (150- 
250 gm.) of the Sprague-Dawley strain and male 
albino rabbits (4-5 lb.) were used in the testing 
procedures. 

Single-Dose Oral Toxicity—A logarithmic se- 
ries of doses of the material being tested was 
given by stomach tube to groups of five male rats. 
From the mortality during the subsequent 14 days 
the most probable LD was calculated using the 
tables of Weil.” 

Skin Absorption—The cuff method of Draize 
et al." was utilized to retain the material in con- 
tact with the skin. After 24 hours the cuff was 
removed and the mortality rate determined over 
the subsequent 14-day period. The LDs. was cal- 
culated from mortality data with use of the tables 
of Weil.” 

Concentrated Vapor Inhalation—A stream of 
dry air at room temperature was bubbled through 
150 ml. of the material at the rate of 2.5 liters 
per minute. This stream of vapor-laden air was 
then passed through a large glass desiccator con- 
taining six male rats. Exposures were made for 
varying periods of time up to eight hours and the 
mortality determined over the subsequent 14-day 
period. The maximum time of exposure which 
results in no deaths is reported. 

Primary Skin Irritation—Undiluted sample, 0.01 
ml., or appropriate dilution was placed on the 
shaved backs of immobilized rabbits. The area was 
immediately covered with a cellophane patch which 
was allowed to remain in place for 24 hours. Re- 
sults are expressed in numerical grades of 1 to 10 
as reported by Smyth et al.” 

Eye Injury.—The procedure and scoring of the 
degree of corneal injury (Grades 1 to 10) was that 
reported by Carpenter and Smyth.* Twenty-four 
hours after application of the material to the eye 
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the extent of corneal damage was estimated 
both before and after fluorescein staining. 


Acute and Chronic Inhalation Studies of Amine 
Hardener CD 16009.—Male rats of the Sprague- 
Dawley strain, 250-300 gm. in weight, were used in 
this investigation. (Control animals of the same age 
and weight were used for comparative studies.) 
All animals were maintained on an ad libitum 
diet of Purina Laboratory Chow except during the 
exposure periods, when both control and experi- 
mental animals were denied food. 


The experimental animals were exposed to 
known concentrations of amine vapor using a 
stainless steel dynamic exposure chamber, accord- 
ing to the procedure described by Ball and Kay. 
Vaporization was carried out in a 1,000 ml. round- 
bottom flask set in a heating mantle. Air flow 
to the exposure chamber passed through this flask 
and blew directly on the surface of the material 
being vaporized. In the present experiments 100 
ml. of amine hardener was placed in the bottom 
of the flask as an original reservoir. Additional 
fresh hardener was added to the reservoir by 
means of a dual syringe feeder at a constant rate 
of 40 ml. per hour during the exposure period. 


Preliminary acute inhalation studies were car- 
ried out to determine the volatility and the range 
of toxicity of amine curing agent CD 16009. 
These acute studies were done at vaporizing tem- 
peratures of 100 C, 75 C, and 50 C in order to 
establish the proper conditions for chronic ex- 
posure. The chronic inhalation study was done at 
a vaporizing temperature of 50 C. 


The amine concentration in the tank was deter- 
mined at intervals by drawing known volumes of 
air from the tank through a series of four 
scrubbers containing glacial acetic acid. The total 
amines were then determined in the glacial acetic 
acid by titration with perchloric acid.’ Known 
amounts of amine could be recovered by this pro- 
cedure with an accuracy of 97%. Both control 
and experimental animals were weighed weekly to 
obtain comparative growth curves. At specified 
time intervals during the 18-week exposure period 
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several animals from both groups were killed and 
| the following determinations made: 
‘ 1. Whole body weight, liver weight, and kidney 


8.00 gm. per kilogram) than for the resin 
modifiers CD 15004B (LDs5o 2.26 gm. per 


weight kilogram) and CD 15006A (LDso, 1.13 
2. Blood hemoglobin gm. per kilogram). 
3. Erythrocyte fragility CD 16003 is the mest toxic of the amine 
4. Blood clotting time by the capillary tube 


curing agents by the ora! route (LDs5o, 
0.49 gm. per kilogram). Curing agents 
CD 16005, CD 16009, and XH 173-50 
6. Histological studies of lung, liver, kidney, have oral LDs59 values of 3.43, 4.52, and 
and spleen for both general pathology and 3.43 gm. per kilogram, respectively. CD 
fatty infiltration. 16018A and CD 16019. ave sornewhat less 
toxic than the other amines by the oral 
route, having valies of 4535 and 5.97 
The results of these studies are presented gm. per kilogram, respectively 
in two sections: (1) range-finding toxicity sy the percutaneous route all of the 
data and (2) acute and chronic inhalation 
studies. 


Results 


amine curing agents, with the exception of 
CD 16003, have very similar LDso values 

Range-Finding Toxicity—The range- (1.13 to 1.43 gm. per kilogram). CD 16003 
finding toxicity data are presented in has a considerably greater percutaneous 
Table 2. On a weight basis the uncured toxicity (LD59, 0.45 gm. per kilogram). 
epoxy resin CD 15003 (LD5o, 4.52 gm. per All rats survived an eight-hour exposure 
kilogram) is less toxic by the oral route to the concentrated vapor of the various 
than epoxy resin modifiers CD 15004B amine curing agents. Exposure was not 
(LDs5o, 3.43 gm. per kilogram) and CD extended beyond the eight-hour period. 
15006A (LDs5o, 2.98 gm. per kilogram). Curing agent CD 16003 was the most 
The LDso obtained by the skin-penetration — irritating to the skin (Grade 5). The other 
route also indicated a lower degree of toxic- amine curing agents produced only slight 
ity for the uncured resin CD 15003 (LD50, skin irritation (Grade 2 to 3). 


TaBLe 2.—Range-Finding Toxicity Data for Uncured Epoxy Resin (CD 15003), 
Uncured Epoxy Resin Modifiers (CD 15004B and CD 15006A), and Amine 
Curing Agents (CD 16003, CD 16005, CD 16009, CD 16018A, 

CD 16019A, and XH 173-50) 


Concentrated Vapor 


Single Oral Dose, Skin Penetration, Inhalation, Max. Primary Skin 
LD so Gm/Kg. LD se Gm/Kg. Hr. for No Death Irritation, Grade 


Eye Injury, 


Sample Grade 


Uncured resin 
CD 15003 4.52 8.00 8 2 


Resin modifiers 
CD 15004B 3.43 2.26 1 5 


1 
(2.44-4.81) (0.73-7.03) 

CD 15006A 2.98 1.13 8 5 5 
(2.13-4.19) (0.30-4.53) 

Amine curing agents 

CD 16003 0.49 0.45 8 5 9 
(0.31-0.76) (0.20-0.99) 

CD 16005 3.43 1.13 S 2 5 
(2.44-4.81) 

CD 16009 4.52 1.13 8 3 4 

CD 16018A 6.85 1.43 8 3 5 
(4.81-9.62) (0.51-3.98) 

CD 160194 5.97 1.43 8 3 4 
(3.80-9.24) (0.64-3.16) 

XH 173-50 3.43 1.13 8 3 4 


(2.44-4.81) 
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TasBLe 3.—Effect of Daily Inhalation of Vapors of Amine Curing Agent CD 16009 
on Rat Body Weight, Tissue Weights, and Hematology 


Weight 


Blood 


Red Blood Cell Fragility 


Whole 


Chamber 
N.D. Rat 


Liver 


Days of 
Exposure 


Concentration, Body, 


Mg/L. Air 


Ne. Gm. Gm. 


149 
C49 144 6.4 


None 0 


T10 243 ‘ 
Til 260 11.8 
T12 255 


Initial Complete Clotting 
Hemoglobin, Hemolysis, Hemolysis, Time, 
Gm. %t Gm. % % Saline % Saline Min. 


12.5 0.48 J 
ee 16.0 0.48 0.40 4.0 
0.48 


27 618 15.2 0.48 0.40 4.5 
15.4 


* ND/NE is number of rat deaths/number exposed; t per cent of whole body weight; t material vaporized at 100 C. Concentration 


in the exposure chamber was 0.134 mg. of compound per liter of air; § material vaporized at 75 C. Concentration in the exposure cham- 
ber was 0.036 mg. of compound per liter of air; C indicates control animals (not exposed to vapor); T, test animals (exposed to vapor 


for seven hours a day). 


Amine curing agent CD 16003 also pro- 
duced the most severe eye injury (Grade 9). 
The other amine curing agents produced 
moderate eye injury (Grades 4 to 6) as 
measured by the range-finding procedure. 

Acute Inhalation Studies of Amine Cur- 
ing Agent CD 16009.—Vaporization at 
100 C: Rats were exposed for seven hours 
a day on two consecutive days to the vapors 
of amine hardener CD 16009 generated at 
100 C. The average concentration of cur- 
ing agent in the chamber during the expo- 
sure period was 0.134 mg. per liter of air 
(0.00246 mEq. of amine nitrogen per liter 
of air). The data secured from these stud- 
ies are presented in Table 3 along with 
comparative data from a number of un- 
exposed control animals. Two rats died at 
the end of the second day of exposure. 
During the next two days, without addi- 
tional exposure, seven more experimental 
rats died. The five remaining experimental 
rats were killed at this time for further 
study. The per cent of liver weight to 
whole body weight was slightly reduced in 
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the exposed animals. Kidney weight ratios 
were normal. Urine hemoglobin and urine 
protein determinations were negative for 
all experimental and control animals. Blood 
hemoglobin values of over 20 gm. % in 
two rats are above control levels, perhaps 
representing a dehydration in these ani- 
mals. Red blood cell fragility and clotting 
times were Lung, kidney, and 
spleen tissue sections were similar in both 
control and test animals, indicating no de- 


normal. 


monstrable tissue pathology. Several liver 
sections in the exposed group of animals 
exhibited vacuolar changes in the cytoplasm 
which were not present in the control ani- 
mals. 

Thirty-six rats of varying weights were 
exposed one day for seven hours to vapors 
of amine curing agent CD 16009 generated 
at 100 C. Thirty-two of the thirty-six rats 
died within four days after the exposure 
period. The remaining four rats were 
killed for further study. The results of this 
experiment are also presented in Table 3. 
The animal data are essentially the same as 
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those found after the two-day exposure, 
including some slight liver pathology in 
the exposed animals. 

Vaporization at 75 C: Twelve rats of 
varying weights were exposed seven hours 
a day for a five-day period. The average 
concentration of amine curing agent CD 
16009 in the exposure chamber was 0.036 
mg. per liter of air (0.000659 mEq. of 
amine N per liter of air). The rats were 
not visibly affected by this period of ex- 
posure. Three of the animals were killed 
for further study. Data from this experi- 
ment are included in Table 3. Liver and 
kidney weight to whole body weight ratios 
were not altered. Urinalysis was normal. 
Hemoglobin, red blood cell fragility, and 
clotting times were within the normal 
range. There was no gross tissue pathol- 
ogy. 

Vaporization at 50 C: Twelve rats were 
exposed seven hours daily on two consecu- 
tive days to CD 16009 vapors generated at 
50 C. The chamber concentration under 
these conditions was 0.0198 mg. of com- 
pound per liter of air (0.000363 mEq. of 
amine N per liter of air). The rats were 
not visibly affected by this exposure. Uri- 
nalysis, blood studies, and tissue weights 
were all within normal limits. 
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Chronic Inhalation Studies of Amine 
Curing Agent CD 16009 Vaporized at 50 C. 

Thirty-two male rats (250-300 gm.) 
were placed in the inhalation chamber and 
exposed to vapors of amine curing agent 
CD 16009 for seven hours a day, five days 
a week. The average concentration of cur- 
ing agent in the chamber was 0.0198 mg. 
per liter of air (0.000363 mEq. of amine 
N per liter of air). The animals were ex- 
posed under this schedule for a period of 
18 weeks (4 months). There were no 
deaths during this experimental period. 
Thirty-two unexposed rats of the same age 
and weight were maintained over the same 
period to obtain comparable control data. 

Figure 2 illustrates the identical growth 
rate curves of the experimental and control 
groups of animals. Both groups increased 
in weight from 250 gm. to approximately 
460 gm. during the 18-week experimental 
period. 

At various time intervals (Table 4) two 
control and two experimental animals were 
killed for laboratory study. These data are 
presented in Table 4. Liver weight and 
kidney weight to whole body weight ratios 
are similar for both control and test ani- 
mals throughout the exposure period. Uri- 
nalysis was normal. Hemoglobin, red blood 


Fig. 2—Growth curves 
of experimental (broken 
line) and control (solid 
line) rats. Experimental 
animals were 


exposed 
seven hours a day, five 
days a week, to vapors of 
amine curing agent CD 
16009 vaporized at 50 C. 
Concentration in the 
chamber was 0.0198 mg. 
of compound per liter of 
air (0.000363 mEq. of 
amine nitrogen per liter 
of air). 
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TaBLe 4.—Effect of Chronic Inhalation of Vapors of Amine Curing Agent CD 16009 
on Rat Body Weight, Tissue Weights, and Hematology * 


—— 
Blood 
Weight Red Blood Cell Fragility 
Whole Liver Kidney Initial Complete Clotting 
Exposure, Body, Hemoglobin, Hemolysis, Hemolysis, Time, 

Wr. Rat No. Gm. Gm. %t Gm. %t Gm. % % Saline % Saline Min. 

1 ce 250 8.9 3.55 2.2 0.90 16.7 0.44 0.36 3.5 

T9 302 11.9 3.92 18 0.68 11.4 0.48 0.40 4.5 

C33 306 13.4 4.39 2.4 0.80 17.5 0.48 0.40 3.0 

C34 292 12.9 4.42 2.4 0.82 17.9 0.48 0.40 5.0 

2 T23 301 12.1 4.02 2.4 0.80 16.9 0.48 0.40 3.5 

T27 208 7.0 3.86 1.5 0.72 17.5 0.48 0.40 3.5 

C35 290 12.8 4.41 2.3 0.80 17.1 0.48 0.40 3.0 

C36 306 12.9 4.21 2.8 0.91 16.9 0.44 0.36 3.0 

3 T18 340 13.7 4.03 2.7 0.80 13.6 0.48 0.40 4.5 

T22 343 12.2 3.56 2.3 0.56 16.6 0.48 0.40 5.5 

C37 336 13.7 4.07 2.6 0.77 17.5 0.52 0.44 4.5 

C38 286 10.6 3.71 2.0 0.70 18.3 0.52 0.44 4.5 

4 T29 376 14.0 3.73 3.0 0.80 16.4 0.48 0.40 3.5 

T76 325 11.8 3.63 2.7 0.83 17.0 0.48 0.40 3.5 

C93 15.0 4.13 2.6 0.71 16.7 0.48 0.40 3.0 

C42 308 10.2 3.31 2.3 0.75 17.0 0.48 0.40 3.0 

5 T32 354 12.4 3.50 3.0 0.85 16.7 0.48 0.40 4.0 

T75 367 12,2 3.32 2.7 0.73 17.6 0.48 0.40 5.0 

C40 366 14.0 3.82 2.1 0.57 17.7 0.48 0.40 3.0 

C81 361 12.2 3.37 3.1 0.86 15.6 0.48 0.40 5.0 

7 T68 400 13.4 3.35 2.5 0.63 18.3 0.48 0.40 4.5 

T9 332 9.6 2.89 2.2 0.66 13.6 0.44 0.36 4.0 

C83 352 11.6 3.30 2.4 0.68 17.2 0.48 0.40 3.0 

C95 7 12.9 3.52 2.7 0.74 15.1 0.48 0.40 4.0 

9 Til 355 11.6 3.27 2.4 0.68 18.0 0.52 0.40 3.5 

TS8 77 12.7 3.37 2.2 0.58 18.0 0.52 0.40 4.0 

Cél 412 14.3 3.48 2.9 0.70 17.4 0.48 0.40 3.5 

C62 359 12.2 3.40 2.6 0.72 18.2 0.48 0.40 4.0 

11 T86 408 14.2 3.48 2.7 0.66 14.7 0.48 0.40 3.5 
T71 393 12.6 3.21 2.3 0.58 15.8 0.48 0.40 3.5 4) 

C64 343 11.6 3.38 2.5 0.73 18.6 0.48 0.40 4.0 

C63 408 12.2 3.00 2.5 0.61 17.4 0.48 0.40 4.0 

15 T19 417 14.8 3.55 2.4 0.58 16.0 0.52 0.40 3.5 

T73 405 14.4 3.55 2.9 0.72 17.6 0.52 0.40 4.5 

C47 410 13.1 3.20 2.7 0.66 18.3 0.52 0.40 4.0 

C57 451 15.5 3.44 3.1 0.69 17.1 0.52 0.40 3.5 

18 T91 431 14.1 3.28 h 0.63 16.4 0.48 0.40 4.0 

T74 496 14.0 2.82 2.7 0.54 15.1 0.48 0.40 4.0 

TS85 488 14.6 2.99 3.1 0.63 16.0 0.48 0.40 3.5 

TS 457 15.7 3.44 3.0 0.66 17.6 0.52 0.44 3.5 

Ti4 512 16.2 3.17 3.3 0.64 19.8 0.52 0.44 3.0 

C58 458 16.2 3.54 3.0 0.65 17.6 0.52 0.44 4.0 

C94 389 12.5 3.22 2.8 0.7 16.2 0.52 0.44 4.0 

22t Ts9 480 15.2 3.16 3.0 0.62 17.3 0.48 0.40 3.0 

T24 483 16.6 3.44 3.3 0.68 15.8 0.48 0.40 3.5 

T100 472 14.3 3.04 3.3 0.70 16.7 0.48 0.40 3.5 

T99 461 14.3 3.10 3.0 0.65 14.5 0.48 0.40 3.0 

sy C53 504 14.4 2.36 3.3 0 66 14.8 0.48 0.40 3.5 

c C82 475 14.7 3.09 3.1 0.65 14.1 0.48 0.40 3.0 

C43 441 11.1 2.51 2.7 0.61 15.7 0.48 0.40 ’ 3.0 

C97 480 15.2 3.16 3.0 0.62 15.5 0.48 0.40 4.0 


* Chamber concentration: 0.0198 mg. per liter of air (0.000363 mEq. of amine nitrogen per liter of air). 
| t Per cent of whole body weight; t four weeks after last exposure. 
T indicates test animals (exposed to vapor for seven hours a day, five days a week); C, control animals (not exposed to vapor). 
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cell fragility, and clotting times were com- 
parable for control and experimental ani- 
mals. Histological studies of liver, kidney, 
spleen, and lung tissue were carried out on 
control and experimental animals after 6, 
8, and 18 weeks of exposure. No differ- 
ences in tissue pathology were found be- 
tween control and experimental animals. 
Slight pathology of lung and liver was 
present in many rats from both control and 
experimental groups. This was the usual 
pathology of mature rats and was not ex- 
aggerated in those animals exposed to 
vapors of CD 16009. The kidney and 
spleen also showed occasional slight pathol- 
ogy in both control and test animals. 


After the four-month exposure period, 
four control and four experimental rats 
were maintained under normal laboratory 
conditions for an additional month in order 
to determine any possible delayed toxic 
effects. At the end of this period these 
animals were killed for further study 
(Table 4). The control and experimental 
animals did not differ in liver and kidney 
weight ratios, urinalysis, and hematological 
findings. Tissue pathology was also similar 
in the two groups of animals. 


Comment 


The results of this comparative study of 
the acute toxicity of the various compo- 
nents used in epoxy resin formulations 
illustrate several interesting points. The 
uncured epoxy resin has a low order of 
toxicity by the range-finding techniques. 
The epoxy resin modifiers are, in general, 
somewhat more toxic than the uncured 
epoxy resin. It should be pointed out that 
the oral and skin penetration LDs5o’s are 
expressed on a weight basis (grams per 
kilogram of body weight); thus the lower 
toxicity of the uncured resin may be due 
to its greater molecular weight. This greater 
molecular weight of the uncured epoxy 
resin (M.W., 350-400) as compared with 
the epoxy resin modifiers (M.W., approx- 
imately 150) means that per gram of ma- 
terial there are about twice as many 
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molecules of modifier as there are of resin. 
The greater molecular weight of the resin 
may also slow down absorption from the 
gastrointestinal tract. Nevertheless, the 
acute toxicity values do represent the rela- 
tive hazard of these materials by the vari- 
ous routes of administration. 


Vapor inhalation hazard is dependent to 
a large extent on the volatility of the ma- 
terial being investigated. The resin modi- 
fiers CD 15004B and CD 15006A have 
very similar toxicities with respect to single 
oral dose and skin penetration. CD 15004B, 
however, presents a greater vapor hazard 
due to its greater volatility. 


The amine curing agents included in this 
study, with the exception of CD 16003, 
have very comparable toxicity and irritancy 
grades as measured by the animal studies. 
CD 16003, however, is considerably more 
toxic than the other amines. It is interest- 
ing to note that experimental curing agent 
XH_ 173-50, which is similar to the other 
amines with respect to skin irritation in 
rabbits, has a much lower percentage of 
skin irritations and sensitization reactions 
in man.* 


As measured by  range-finding tech- 
niques, the uncured epoxy resin appears 
to be the least toxic of the three types of 
materials studied. The resin modifiers and 
amine curing agents, with one exception 
(CD 16003), have a low to moderate de- 


gree of toxicity as determined by these 
procedures. 


The findings from the acute inhalation 
studies indicate that a vapor concentration 
of 0.134 mg. of amine hardener CD 16009 
per liter of air (0.00246 mEq. of amine 
nitrogen per liter of air) is definitely toxic 
to experimental animals. Under the condi- 
tions of the experiment it was necessary to 
maintain the material at a temperature of 
100 C in order to obtain this concentration 
of curing agent in the chamber air. These 
experiments were also carried out with a 
relatively low air flow through the chamber 
(40 liters per minute) in order that high 
amine concentrations might be obtained. 
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When the vaporizing temperature was 
reduced to 75 C the concentration of amine 
hardener dropped to 0.036 mg. of com- 
pound per liter of air. This is approxi- 
mately one-fourth of the concentration 
obtained at 100 C. A week of exposure at 
this concentration was without detectable 
effect on the experimental animals. 

With vaporization at 50 C the amine 
hardener concentration dropped to 0.0198 
mg. of compound per liter of air. Expo- 
sure of rats seven hours a day, five days a 
week, for a period of four months to this 
concentration of amine curing agent CD 
16009 produced no injury on the basis of 
mortality, growth, tissue pathology, organ 
enlargement, urinalysis, and hematological 
findings. 


Summary 


The acute toxicity of an uncured epoxy 
resin, two uncured epoxy resin modifiers, 
been 
studied in animals. Acute and chronic vapor 


and six amine curing agents has 


inhalation studies of amine curing agent 
CD 16009 have been carried out. 

The uncured epoxy resin (CD 15003) 
has a low order of acute toxicity for ani- 
mals. 


The acute toxicity of the uncured epoxy 
resin modifiers is, in general, somewhat 
greater than that of the uncured resin. 

With the exception of CD 16003, the 
amine curing agents studied have a low 
order of acute toxicity in animals as meas- 
ured by singie oral dose, skin penetration, 
concentrated vapor inhalation, and primary 
skin irritation. These amine curing agents 
produce moderate to severe eye injury when 
allowed to remain in contact with the eye 
for 24 hours under the conditions of the 
test. 


A four-month exposure of rats to the 
vapors of amine curing agent CD 16009 
(vaporized at 50 C) produced no detectable 
injury. 

Department of 


Dermatology, University of 


Michigan Medical School, and the Institute of In- 
dustrial Health. 
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Types of Tobacco 


The concentration of oxides of nitrogen 
was determined in the smoke from 21 dif- 
ferent brands of cigarettes, of 
It was found 
that under comparable sampling conditions 
the nitrogen oxide content of cigarette 
smoke varied from 145 to 655 ppm (l/l), 
while the carbon dioxide varied from 7.0% 
to 11.4%. The nitrogen oxide concentra- 
tion in smokes from five different cigars 
tested ranged from 167 to 1,250 ppm, while 
smoke from pipe tobacco varied from 126 


to 1,154 ppm in nitrogen oxide content. 


5 brands 
cigars, and 2 pipe mixtures. 


During the course of the experiment it 
was observed that if smoke were inhaled 
into the lungs and then exhaled, the exhaled 
smoke contained no detectable NO, 
tested with modified Griess reagent.! 


when 
If the 
smoke were not inhaled into the lungs, the 
NO, content of the exhaled smoke is ap 
proximately one-third of the original con- 
centration. 

Since it is known that the concentration 
of nitrogen oxides is dependent on the 
temperature of combustion, it might be ex- 
pected that factors such as the rate of burn- 
ing and moisture content of the tobacco 
would affect the concentration of these com- 
pounds. This was confirmed by experiment. 


Procedure 


A. General.—This test was used for compara- 
tive survey. The apparatus consists of a grad- 
uated separatory funnel of 750 ml. capacity, the 
outlet of which is connected with a decanting 
bottle containing about 1 liter of water. The neck 


of the separatory funnel is closed with a stopper 
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through which a 
inserted. 


tube containing a stopcock is 


1. Air is expelled from the gas bulb through the 
upper stopcock, with the aid of the leveling bottle. 

2. The upper stopcock of the gas bulb is closed 
and the water leveling bottle lowered to a posi- 
tion giving 22 in. of water differential pressure. 

3. A lighted cigarette (or cigar or pipe) is in- 
serted in the airtight holder which is connected to 
the upper stopcock. 

4. Smoke from the cigarette is drawn in 25 ml. 
portions at regular time intervals into the gas bulb 
by opening and closing the upper stopcock. The 
mechanical smoking was regulated in such a way 
as to simulate “normal” smoking, at a rate which 
required approximately 6-10 minutes to smoke a 
cigarette. The gas volume delivered during this 
time was about 400 ml. 

5. After the cigarette to a_ residual 
length of approximately 1% in. of tobacco, the top 
stopcock is closed, and the total volume of gas is 
measured and brought under pressure by raising 
the leveling water bottle above the glass bulb. 

6. The 
glass bulb 


smoking 


cigarette holder is removed from 


the 

7. Two 50 ml. gas samples are taken in 100 ml. 
syringes, each containing 50 ml. of modified Griess 
reagent. Twenty-five milliliters of air are ad- 
mitted to each syringe, and the sample is allowed 
to stand for one hour with occasional shaking. 
The optical density is then determined by the 

Jausch & Lomb Spectrometer at 550 mg. At no 
time did the air contain more than 0.2 ppm of 
NO.. In our analytical method no distinction was 
made between NO and NOs, and the results have 
been reported as NO+NOzs. 

8. The gas sample is delivered through the upper 
outlet of the gas bulb into the Hay’s gas analyzer, 
and the COz concentration is determined. 

B. Effect of Burning Rate on Concentration of 
Nitrogen Oxides—This test was made with use 
of “king-size” cigarettes of the same brand. 

1. The cigarette was under continuous suction of 
4 ft. of water differential pressure. Burning time 
of 30 seconds was recorded to produce a volume of 
660 ml. of smoke. In the combustion process 1% 
in. of cigarette were burned. 

2. A similar test was run with a suction of % in 


water. In 7 minutes 30 seconds, a volume of 660 
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Concent 


Burning 
Time, Min. 


Sample 
Description 


Cigarettes 

1. Regular 

la. Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
King-size 
King-size 
King-size 
Regular, filter-tip 
Regular, filter-tip 
Regular, filter-tip 
Regular, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter-tip 
King-size, filter, menthol 
King-size, filter, menthol 
King-size, filter, menthol 


Cigar 
Cigar 
Cigar tip 
Cigar butt 
Cigar 
.  Cigarillos 
27. Cigarillos 
Pipe Tobacco 
28. Pipe 
29. Pipe 
30. Pipe 


Residual Length 
of Tobacco, In. Delivered, M1. 


rogen in Tobacco Smoke 


Gas Volume 


S25 


ml. of smoke was delivered. Three inches of 
cigarette was consumed in the combustion process. 
Results 

Results of the comparative survey are 
presented in the Table. 
Effect of burning rate on formation of 


oxides of nitrogen is as follows: 
NOs:, ppm COs, % 
Fast 400 6 
Slow 136 3.2 


Conclusions 

1. There was no significant difference in 
the concentration of oxides of nitrogen in 
smoke from regular and king-size cigarettes, 
with or without filter tips. It is suspected 
that the nitrogen-containing materials in the 
tobacco—the aromatic nitrowen-containing 
compounds, as well as nitrates—play a 
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major role in the production of nitrogen 
In addition, some oxides of nitro- 
gen will be formed by fixation of atmos- 
pheric nitrogen and oxygen. However, the 
relatively low combustion temperature in 
tobacco smoking does not favor this reac- 


oxides. 


tion. 

2. The toxic 
nitrogen at concentrations of 10-30 ppm is 
well established, and the investigation of 
health effects of smoking should take into 
account the toxic character of the gaseous 
components of the tobacco smoke. 


nature of the oxides of 


California Institute of Technology. 
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In recent years toxicologic questions con- 
nected with cadmium have increasingly at- 
tracted attention. One reason has been the 
publication of a number of reports des- 
cribing not only acute but also chronic 
cadmium poisoning. A survey of observa- 
tions hitherto made concerning chronic 
cadmium poisoning would therefore seem to 
be pertinent. 

The possibility of chronic poisoning from 
cadmium has been discussed for a long 
time. From the end of the 19th and the 
beginning of the present century there are 
accounts of, inter alia, gastrointestinal 
symptoms? and nephritis? following pro- 
tracted exposure to cadmium. Our present 
knowledge of cadmium poisoning further 
suggests that certain symptoms in zinc 
workers in Germany* at the end of the 
19th century were attributable in some de- 
gree to cadimum and were not, as earlier 
assumed, caused by lead.* 

Not until the 1940’s was the question of 
chronic cadmium poisoning taken up in 
earnest. At that time a number of investiga- 
tions in men who had been exposed for long 
periods to cadmium were published.>!!!> 
The results were not uniform, however. 
From the United States, Princi* thus re- 
ported completely negative results from a 
study of 20 workers in a cadmium smelter 
and Hardy and Skinner® found only rel- 
atively insignificant subjective disorders in 
persons who were engaged in the manu- 
facture of cadmium-faced bearings. From 
France, on the other hand, Nicaud, Lafitte, 
and Gros® reported symptoms in workers 
in a factory making alkaline accumulators. 
The main complaints were excessive fatigue 
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and pain in the lumbar region and 
lower extremities. Skeletal roentgenograms 
showed lines of pseudofractures. Positive 
findings were reported from Sweden a few 
years later by me,*’°! after investigating 
about 50 workers in an alkaline-accumulator 
factory. It was thereby shown that pro- 
tracted exposure to cadmium dust could 
give rise to a syndrome primarily com- 
prising pulmonary emphysema, renal dam- 
age, and protein of low molecular weight 
in the urine. The skeletal abnormalities 
described by Nicaud, Lafitte, and Gros 
were not confirmed, however. 

The making of alkaline accumulators in- 
volves exposure to dust containing not only 
cadmium but also nickel, iron, and 
graphite. Although animal experiments ™ 
strongly suggested that in the observed 
toxic states cadmium and not the other sub- 
stances was, at any rate to by far the 
greatest extent, the responsible factor, it is 
understandable that—particularly in view 
of the negative American experience—doubt 
has been expressed in some quarters con- 
cerning a connection between the symptoms 
and exposure to cadmium.'* Subsequently, 
however, several of the reported symptoms 
were confirmed in other cadmium-using in- 
dustries than alkaline-accumulator manu- 
facture. Bonnell, in England, thus described, 
in 1955, poisoning 
(pulmonary emphysema, renal damage, and 
urinary protein of low molecular weight) 
in men casting copper-cadmium alloys. In 
this industry there is exposure to cadmium 
but not to nickel, iron or graphite. That 
cadmium under certain circumstances may 


chronic cadmium 


cause chronic poisoning must therefore be 
considered as substantiated despite the 
negative reports hitherto from the United 
States. 
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Symptomatology 

Observations of chronic cadmium poi- 
soning are as yet relatively limited. Con- 
sequently, it is not possible to give a reliable, 
detailed picture of the complete sympto- 
matology. It seems clear, however, that the 
fully developed syndrome which arises 
from prolonged inhalation of cadmium com- 
prises symptoms from the respiratory tract, 
reflecting local damage, and also from other 
organs, indicating damage from absorbed 
cadmium. 

Among the respiratory-tract disorders, 
pulmonary emphysema predominates. A 
high frequency of emphysema was recorded 
by me and by Baader *°:'* in workers in 
the alkaline-accumulator industry and also 
by Bonnell ** in casters of copper-cadmium 
alloys. Some animal experiments ' likewise 
demonstrated that under certain conditions 
protracted exposure to cadmium oxide dust 
can produce pulmonary emphysema. Contra- 
dictory results, however, were reported 
from other animal experiments.’ 

The emphysema in human subjects was 
demonstrated by tests of respiratory func- 
tion 11-14.18.19 and by postmortem exam- 
ination of persons who died of chronic 
cadmium British writ- 
ers *1° have pointed out that cadmium 
emphysema differs from the usual chronic 
hypertrophic emphysema _ which follows 
long-standing chronic bronchitis. It thus 
develops more slowly and without true 
signs of bronchitis; physiologic and 
pathologic-anatomic investigations were 
also stated to reveal characteristic features. 

Among other respiratory tract symptoms 
may be mentioned more or less severe 
anosmia," and small ulcerations of the 
nasal mucosa.** Neither of these symptoms 
has been reported from elsewhere, how- 
ever, and it cannot be excluded that other 
factors than cadmium dust may have had 
etiologic significance, e.g., exposure to 
nickel. A characteristic effect of cadmium 
is yellowing of dental necks, especially 
prominent on the incisor and the canine 
teeth. This effect was first described by the 
French writers Barthélemy and Moline * 
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and has since been reported by others,*"!1* 
including Princi in the mentioned, otherwise 
negative, investigation of workers in a 
cadmium smelter. The causal mechanism of 
these toxic manifestations is not clear; thus, 
it has not been determined if they arise 
from local action of cadmium or from ac- 
cumulation of absorbed cadmium. 

The most characteristic general effect is 
proteinuria. Proteinuria is a common oc- 
currence and was observed by me?! in 
about 80% of approximately 40 men with 
more than eight years of occupational ex- 
posure to cadmium. Baader,!® Bonnell,’ 
and others also demonstrated proteinuria. 
A typical feature of the urinary protein is 
that it does not show the usual precipitation 
reaction to boiling or to picric acid but is 
precipitated by 25% nitric acid, 25% 
trichloroacetic acid, or 39%  sulfosalicylic 
acid. 

The Swedish™ and the British ** in- 
vestigators all showed that the urinary pro- 
tein in cadmium poisoning has a_ low 
molecular weight. Thus, the sedimentation 
constants on ultracentrifugation were 2-2, 55 
S™ and 2-2, 25 S**, respectively, cor- 
responding to an estimated molecular weight 
of only 20,000 to 30,000. Electrophoretic 
analysis of urinary protein from Swedish 
and German workers in the accumulator in- 
dustry revealed several components, the 
chief of which had a migration speed of 
about 4X 10° sq. cm. volt~! second—?. The 
British studies, on the other hand, although 
the protein on ultracentrifugation sedi- 
mented as a single component, showed on 
electrophoretic analysis a very large num- 
ber of ill-defined components covering a 
mobility range similar to that of the serum 
proteins. There were, however, certain 
differences of method between the Swedish 
and the British investigations, and these 
may possibly explain some of the dis- 
crepancies of results. In connection with 
proteinuria, a point which merits mention 
is that cadmium—like some other metals— 
may give rise to aminoaciduria.*! 

Microscopy of the urine has with very 
few exceptions revealed neither white nor 
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red blood cells. Frequently, however, an 
abundance of salts has been demonstrated 
both macroscopically and microscopically. 

In animals, too, proteinuria has been 
found after exposure to cadmium. Rabbits 
thus were shown to have proteinuria after 
exposure to cadmium dust ™ and after sub- 
cutaneous injection of pure cadmium 
sulfate.4-7324 The results of preliminary 
electrophoretic studies "' indicated that also 
in animals the urinary protein differs from 
that usually observed in renal disease. 

More or less severe renal damage is com- 
mon in chronic cadmium 
This was shown by tests of renal function 
and by microscopy of kidneys from persons 
who died of chronic cadmium poisoning. 
The nature of the renal damage has not yet 
been fully elucidated, however. In the few 
cases in which histologic investigation was 
reported, the findings ranged from mild 
changes in tubules '':!*?5 to gross lesions in 
tubules and glomeruli. To judge from 
experiments on animals,''*6?" the renal 
damage seems to be primarily localized to 
the tubules. In tests of renal function on 
workers in the accumulator industry," a 
frequent observation was decreased inulin 
clearance, as well as pathologic concentra- 
tion tests. 

The question of the connection between 
the renal damage and the proteinuria has 
been discussed." Since the protein is of 
very low molecular weight, it may well be 
formed outside of the kidneys and be ex- 
creted with the urine even through healthy 
kidneys. This possibility is suggested, for 
instance, by demonstration of proteinuria in 
persons whose kidneys appeared healthy." 
On the other hand, investigations of hu- 
man subjects ** and of animals **** have 
shown that cadmium is deposited to a great 
extent in the kidneys, and it is also known 
that renal damage is common in cadmium 
poisoning. As yet, therefore, the detailed 
etiologic mechanism of the proteinuria— 
and thereby perhaps also of the renal dam- 
age—must remain an open question. The 
renal damage, of course, may theoretically 
be considered partly to arise from excre- 


Frihera 


tion via the kidneys of low molecular weight 
protein. 

Nephrolithiasis "\** seems to be another 
manifestation of cadmium poisoning. About 
one-fourth of the workers in the Swedish 
accumulator industry were found to have 
this condition. A connection between the 
nephrolithiasis and the heavy urinary out- 
put of salts is possible. Nephrolithiasis in 
cadmium poisoning has not yet been re- 
ported from other countries than Sweden. 

The disorders listed here, particularly 
pulmonary emphysema, proteinuria, and 
renal damage, are undoubtedly the com- 
monest manifestations of chronic cadmium 
poisoning. Other findings which have been 
reported are, however, mild anemia,®1!' 
acceleration of the ery‘hrocyte sedimenta- 


tion 


increase of the y-globulin 
fraction in blood serum,'™ and, occa- 
sionally, certain laboratory signs of liver 
damage.'' The occurrence of anemia and 
liver damage has been confirmed by 
animal experiments. Protracted exposure 
to cadmium thus gave rise to extremely 
1,24.30,31 and 


pronounced hepatic cirrhosis.'"** The cause 


severe hypochromic anemia! 


of the anemia, to judge from the animal 
~32 cog , ~ 
experiments,** seems partly to be reduced 
osmotic resistance of the erythrocytes. In 
this connection, it is pertinent to mention 
that cadmium in the blood is almost ex- 
clusively accumulated in the erythro- 
73.24 and is there bound to the 


hemoglobin.** 


cytes 


The time which must elapse before 
chronic cadmium poisoning becomes demon- 
strable is, of course, dependent on the de- 
gree and nature of the exposure. Present 
experience suggests that as a rule many 
years are required. Thus, in my™ in- 
vestigations, all the men with signs of 
toxicity had been exposed to cadmium for 
more than eight years and most of them for 
an appreciably longer time. Subsequent in- 
vestigations in the same industry, how- 
ever, showed that the specific cadmium 
proteinuria could appear after no more than 
about two years of exposure,** and British 
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studies 7° yielded similar results as regards 
pulmonary emphysema. 

It is still too early to predict with any 
great degree of confidence the prognosis in 
chronic cadmium poisoning. Nevertheless, 
it is clear that disablement and death may 
result. Fatal cases were described in a 
number of reports.1414-15.2%.25 With one ex- 
ception," the immediate cause of death was 
pulmonary emphysema or its complications; 
in the exception, death was caused by renal 
damage. Further, from a follow-up study of 
the Swedish cases,” there would seem to be 
no reason to expect significant improvement 
in persons already affected with chronic 
cadmium poisoning, even after they are re- 
moved from the contaminated surroundings. 
The main reason apparently is that 
cadmium, once it has been taken up into 
the body, remains there for a very long 
time.?* 

No specific treatment of chronic cadmium 
poisoning is as yet available. Although ad- 
ministration of edathamil calcium-disodium 
to animals *° greatly increased the urinary 
output of cadmium, it was also followed by 
severe renal damage. Consequently, this 
substance must be regarded as contrain- 
dicated in chronic cadmium poisoning. 
Similar observations of increased toxicity 
were made in attempts at treatment of acute 
and chronic cadmium 
dimercaprol (BAL) 


poisoning with 


Absorption and Metabolism of Cadmium 

In the foregoing pages the fate of 
cadmium in the body was touched upon. 
However, as questions of uptake and 
metabolism are of great importance for an 


understanding of chronic cadmium poi- 
soning, they will now be discussed in a 
single context. 

The distribution of cadmium in the ani- 
mal body has been to some extent under- 
stood for a comparatively long time, since 
studies by Schwartze and Alsberg* and 


Hessel *! in the middle of the 1920's. 
Systematic investigations with methods that 
satisfy modern criteria of accuracy, how- 
ever, were not published until 
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(Potts et Princi and 
Geever,!7 Truhaut and Boudene **). 

In mice,*2 most of the cadmium breathed 
during a single exposure to a cadmium- 
chloride aerosol passed the alveolar-blood 
barrier within 30 minutes. The cadmium 
thereafter accumulated mainly in the liver 
and kidneys. In experiments with cadmium 
sulfide there was a greater tendency toward 
retention in the lungs. 

In rabbits which repeatedly inhaled 
cadmium oxide, I'! measured the content 
of cadmium in the kidneys, liver, and 
lungs. The respective values as a rule were 
30-70, 10-40, and 5-15 mg. Cd per 100 gm. 
of wet weight tissue. The corresponding 
values from similar experiments by Princi 
and Geever 17 on dogs were 5-10, 1-4, and 
2-4 mg. Cd per 100 gm. with cadmium 
oxide and <0.5, <0.5, and 2-4 mg. 
per 100 gm. with cadmium - sulfide. 
After prolonged subcutaneous administra- 
tion 73.2429 cadmium was chiefly deposited 
in the liver and kidneys. Relatively large 
amounts were found in the spleen, pancreas, 
thyroid, adrenals, and testes, while in the 
brain, lungs, heart, intestinal canal, bone 
marrow, skeleton, and muscles cadmium 
was not found or was demonstrated only in 
very small quantities. Observations on 
human subjects !1-15.2%2843 showed that in- 
haled cadmium is demonstrable in sub- 
stantial amounts mainly in the kidneys, 
liver, pancreas, and thyroid. In this con- 
nection the reader is referred to my re- 
view ** of experience up to 1957, and to a 
later report from England (Smith et al.**). 
The last-mentioned writers stated that, in 
addition to earlier known locations, high 
concentration of cadmium could be demon- 
strated in the gall bladder and testes. One 
reason why the testicular observations invite 
interest is that from Czechoslovakia de- 
generative changes have been described in 
the testes of rats after administration of 
cadmium.** Large doses of zinc, however, 
could exert a prophylactic action against 
this effect of cadmium.*>-*6 

Autoradiography has given some in- 
formation of the distribution of cadmium 
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in certain organs. After prolonged ex- 
posure to cadmium sulfate, most of the 
renal content of cadmium in rabbits was 
shown by autoradiography to be in the 
cortex.23 In the pancreas, cadmium ac- 
cumulated in the glandular part. In the 
spleen, by contrast, the distribution was 
even. Later experiments with single ex- 
posure to cadmium in rats ** showed more 
cadmium in the central portions of the 
kidneys than in the cortex. 

In the blood, 90% to 95% of the 
cadmium was found in the erythrocytes,**** 
where it was bound to the hemoglobin.™ 

A relatively lively exchange takes place 
between accumulated and newly ad- 
ministered cadmium in animals. This was 
shown in experiments in which cadmium 
was administered first in radioactive form 
and later as a nonradioactive compound.”® 

It was earlier reported** that when 
cadmium has been taken up in the body it 
remains there for a very long time. There 
is therefore a priori no reason to anticipate 
that examination of urine for cadmium will 
illustrate in any important degree the 
severity of exposure to cadmium or of poi- 
soning in a given case. Bonnell ™ studied 
this question but found no _ correlation. 
Later investigations by Smith and Kench ** 
confirmed that the urinary excretion of 
cadmium in cadmium poisoning has very 
narrow limits of variation. These writers 
also stated that the excretion of cadmium 
was correlated to creatinine clearance and 
the specific gravity of the urine. Urinary 
cadmium and protein excretion appeared to 
vary independently ****; this was in agree- 
ment with some earlier experimental 
findings in animals ** but not with others.?* 

Up to now reports concerning chronic 
cadmium poisoning are to some extent con- 
tradictory. Particularly remarkable are the 
wide discrepancies between American and 
European observations. The most feasible 
explanation is differences in exposure which 
undoubtedly exist. What such variation 
may have implied has been discussed by 
Ahlmark, Friberg, and Hardy, and I re- 
fer readers to this report. It is evident, 


Friberq 


however, that no completely acceptable ex- 
planation has yet been found, presumably 
partly because we know far too little of how 
the exposure to cadmium varied, both as 
regards plants from which cadmium poi- 
soning was reported and in those in which 
no such cases occurred. When further 
knowledge becomes available on that score, 
even the apparently contradictory results 
hitherto reported may be explained. In the 
meantime, caution should be exercised in 
defining general MAC values for cadmium; 
assessment of the risk from case to case is 
particularly called for as regards cadmium. 


Department of General Hygiene, National In- 
stitute of Public Health. 
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Pulmonary Talcosis, a Clinical and Environmental 
Study 


J. MESSITE, M.D.; G. REDDIN, M.D., and M. KLEINFELD, M.D., New York 


Introduction 


The operations of tale mining and milling 
in northern New York State have afforded 
members of the Division of Industrial Hy- 
giene an excellent opportunity to study 
various aspects of the epidemiology of 
pulmonary talcosis. 

In 1940, a chest x-ray survey of 221 
talc miners and millers employed in several 
plants in St. Lawrence County, New York, 
disclosed pulmonary fibrosis in 32 workers, 
18 of whom had had no other occupational 
dust exposures. This survey clearly indi- 
cated that exposure in these tale mines and 
mills was capable of producing a fibrogenic 
type of pneumoconiosis.‘ As a result, a 
more effective medical and engineering pro- 
gram was recommended, and this was sub- 
sequently instituted between 1943 and 1948. 

In 1954, a follow-up study of the 32 
workers with pulmonary fibroses disclosed 
that the pneumoconiosis was progressive 
and disabling but that the progression was 
slow and the disability involved primarily 
an older age group than that seen in sili- 
cosis.?, An environmental evaluation per- 
formed at the time as indicated by dust 
counts at various operations in these mines 
and mills revealed a marked improvement 
in the engineering control. 

The present study, originally planned in 
1954 for the purpose of evaluating the 
effects of these controls in the prevention 
of pulmonary talcosis, was undertaken and 
completed in 1958. At the same time, a 


Received for publication May 8, 1959. 
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talc plant in a different county of New 
York was also studied. 

The purpose of this paper is threefold: 
(1) to present the medical and environ- 
mental data of the follow-up study of the 
tale miners and millers in St. Lawrence 
County, (2) to compare the medical and 
environmental data in the tale mines and 
mills in two different regions of the State, 
and (3) to discuss the significant differences 
observed in these studies. 


Procedure 


Three talc plants, two in St. Lawrence County 
and one in Lewis County, were selected for study. 
All of the major operations in the mines and mills 
of the three plants were investigated, and at each 
major operation dust counts in the breathing zone 
of the workers were done. 

Seven samples of crushed talc ore, six from the 
St. Lawrence County mines and one from the 
Lewis County mine, were analyzed chemically for 
free silica content and were also visualized micro- 
scopically. 

With the assistance of the staff of the New 
York State Health Department who used a port- 
able 70 mm. photofluorographic x-ray unit mounted 
in a truck, chest roentgenograms were obtained 
in 370 workers at these plants. All persons who 
had had any previous significant occupational ex- 
posure to other dusts were eliminated from the 
study. As a result, only 299 out of 370 workers, 
including 97 miners and 202 millers, were included 
in this investigation. 

Since most of the millers held a variety of jobs 
in the course of their employment at the talc mills, 
a chronology of each worker’s employment ex- 
perience in the mills and the duration of time spent 
at each job location was obtained. From this in- 
formation and from the numerous dust count data 
obtained in these mills over the years, an average 
concentration of exposure for each miller was 
estimated. 

In addition to the occupational histories, detailed 
medical histories were obtained and physical ex- 
aminations performed for all of the 97 miners and 
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ounty, N cw 


Old (up to 1945) 


Low 


Mines 
Mucking..--. 2 
Mills 
Crushing_.-- 22 
43 
; oui 32 
Garners & separators... 58 


1, 


TaBLe 1—Comparative Dust Creat Data Obtained in Talc Plants 
York, Before an and After Control * 


Med. 


in St. Lawrence 


New (1946-1958) 


High 


Med. High 


413 2 800 818 0 2 8 3 
30 475 120 2.5 4 5 4 
(up to 1948) (1949-1958) 
69 690 180 3 13 360 t 52 
61 136 69 s 35 68 37 
75 271 92 5 15 40 20 
70 728 278 3 10 21 ll 
129 520 151 5 17 90 24 
196 2,480 1,227 discontinued 
83 440 125 discontinued 


instituted in mills from 1943 to 1948 
+ High count due to leakage from conveyor enclosure. 


for 166, or 82%, of the millers. Particular em- 
phasis was given to symptoms and signs referable 
to the respiratory system. 


Results 


Since the mines and mills of the two 
plants in St. Lawrence County are in close 
proximity to one another and have similar 
operations and engineering control, their 
environmental and medical data were com- 
piled and are presented as one group. The 
data for the tale plant in Lewis County are 
presented separately. 

Environmental Data.—The comparative 
data on dust counts obtained in the mines 
in St. Lawrence County before and after 
the institution of wet drilling in 1945 are 
included in Table 1. The dust concentra- 
tions at the mucking and drilling operations 
in the mines were found to be well within 


TABLE 


Jew 


York, Befo 


* Dust counts are in million particles per cubic foot. Wet method of drilling instituted in mines about 1945; dust control measures 


2—C. en a Count Data Obtained in a Tale Plant in Lewis County, 
fore 


and Control * 


Old (1940-1948) 


the present allowable concentrations 


for 
tale of 20 million particles per cubic foot 


(mppef). The highest average dust con- 
centration was 4 mppcf. This is in sharp 
contrast to the levels noted before 1945, 
when the average counts in these mines 
ranged up to 818 mppcf. Similar data on 
the mines in Lewis County are presented in 
Table 2. Similarly the dust counts in 1958 
were well within present allowable limits. 
Although no dust counts in this mine were 
performed by the Division prior to 1958, 
it is known that the rock drilled has always 
been exceedingly wet. Therefore, the dust 
exposure in this mine has been probably 
persistently low. 


The comparative dust count data on the 


mills in St. Lawrence County are tabulated 
in Table 1. 


From 1943 to 1948 environ- 


New (1958) 


Low 


Mines 


Med. 


High Med. High 


2.5 5 7.5 5 
Mills 
128 280 171 19 23 41 7 
152 352 p72 386 69 106 113 6 
47 242 575 255 13 15 55 
179 565 1,090 537 25 26 60 37 
80 197 320 199 19 66 113 66 
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* Dust counts are in million particles per cubic foot. Dust control measures were instituted in the mill between 1948 and 1958 
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Fig. 1—Microscopic picture of crushed talc ore 
from a St. Lawrence County mine. Note square 
and oblong particles and spicules characteristic of 
tremolite talc. 725. 


mental controls were instituted at the var- 
ious operations in the mills in this area. 
These controls include (a) enclosure of 
elevator and chutes, (b) 
automatic bagging machines, (c) conveyor- 
ized carloading, (d) discontinuance of 
(e) provisions of local 
From the Table, it 
can be seen that three of the five operations 
have been well controlled for the past 10 
years. Only two, involving crushing and 


installation of 


blowrooms, and 
exhaust ventilation. 


screening, still remain high. These counts 
are not excessive, however, being 37 and 
52 mppef, respectively. Similar environ- 
mental controls were instituted in the mill 
located in Lewis County during the last 10 
years. The present conditions have been 
considerably improved since 1948, but as 
can be seen in Table 2, three of the dust 
counts still remain high and are particularly 
excessive at the screening operation. 
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Chemical analysis of the six samples of 
ore from the St. Lawrence mines revealed 
the presence of free silica ranging from 
1% to 17%. Of a total of 22 ore samples 
from this area, including those analyzed by 
the Division during the last 15 years, free 
silica ranged from 0.2% to 17% with an 
average of 5.1%. The sample of ore from 
the Lewis County mine contained 2.0% 
free silica. In a total of 10 samples, in- 


cluding 9 analyzed previously, an average 


of 1.4% free silica was found with a range 
of 0.2% to 4.0%. 

Microscopic examination of the six sam- 
ples of crushed ore from the St. Lawrence 
mines showed numerous square or oblong 
particles made up of parallel fibers which 
splinter off into sharp spicules (Fig. 1). 
This is the microscopic picture described 
in the study for tremolite tale performed 
in 1940. All of the six specimens contained 
these particles in varying numbers. In con- 


Fig. 2—Microscopic picture of crushed talc ore 
from a Lewis County mine. Note aggregates of 
granular or scaly particles. X 725. 
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TABLE 3.—Comparative Medical Data on Miners 
Employed in Talc Plants Located in Two 
Different Counties of New York 


St. 
Lawrence Lewis Differ- 
Co. Co. ence Pp 


Total no. 82 15 


Mean age (yr.) 39.3 36.9 2.4 >0.05 
Mean duration of 
exposure (yr.) 12.7 10.3 2.4 >0.05 
Clinical findings (%) 
Symptoms 48.0 40.0 8.0 >0.05 
Positive lung 
findings 35.0 20.0 15.0 >0.05 
Limited chest 
expansion 35.0 40.0 5.0 >0.05 
X-ray 
Pulmonary 
fibrosis (%) 3.6 0.0 3.6 >0.05 


trast, the single specimen from the Lewis 
County mine showed granular or scaly 
particles often aggregated or bunched in 
irregularly shaped groups (Fig. 2). 
Medical Data.—The comparative medical 
data on the miners employed in the tale 
plants in the two counties are summarized 
in Table 3. No significant differences were 
found with respect to mean age, mean dura- 
tion of exposure, clinical findings, or inci- 
dence of pulmonary fibrosis. It is notable 
that the incidence of pulmonary fibrosis 
in the St. Lawrence miners was low; among 
the miners in Lewis County it was none. 
The roentgenographic picture showed bilat- 
eral reticulation and fibronodular infiltra- 
tions which were most pronounced at the 
bases and midlung fields. A striking finding 
in one chest x-ray was an area of coales- 
cence of the nodules at the right anterior 
third interspace and large emphysematous 
bullae in the upper portion of the right lobe. 
No tale plaques were found in any of the 
x-rays. Among those demonstrating an 
abnormal roentgenogram, the mean age and 
mean duration of exposure was 57.3 and 
24.7 years, respectively. All of the miners 
with pulmonary fibrosis had been employed 
prior to the institution of wet drilling. 
The comparative data on the millers in the 
two counties are seen in Table 4. The only 
significant difference in the médical findings 
was that the millers in St. Lawrence County 
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TABLE 4—Comparative Medical Data on Millers 
Employed in Talc Plants in Two Different 
Counties of New York 


St. 
Lawrence Lewis Differ- 
Co. Co. ence F 


Total no. in study 156 46 
Mean age (yr.) 42.3 7.0 5.3 0.025 
Ages over 40 yr. (%) 53.0 48.0 5.0 >0.05 
Mean duration of 
exposure (yr.) 13.0 12.3 0.7 >0.05 
Clinical findings (%) 
Symptoms 36.8 32.6 4.2 >0.05 
Positive lung find- 
ings 25.0 21.7 3.3 >0.05 
Limited chest 
expansion 40.9 28.2 12.7 >0.05 
X-ray 
Pulmonary 
fibrosis (%) 12.2 4.3 7.9 0.048 


had a considerably greater incidence of pul- 
monary fibrosis than those in Lewis Coun- 
ty. The characteristic roentgenographi* 
findings present in the St. Lawrence study 
were increased bronchovesicular markings, 
reticulation, granularity, and, in some cases, 
discrete nodulation. These findings were 
most pronounced in the midlung fields and 
bases (Fig. 3). One worker showed a talc 
plaque, another coalescence of the nodules, 
and a third emphysematous bullae. In con- 
trast, the millers of Lewis County showed 
only increased bronchovesicular markings 
and this was noted in only two chest roent- 
genograms (Fig. 4). The comparison of 
the incidence of pulmonary fibrosis in each 


Fig. 3.—Tale miller, St. Lawrence County, 32 
years of exposure. Note diffuse fibronodular infil- 
trations in middle and lower lung fields bilaterally. 
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Fig. 4.—Talc miller, Lewis County, 33 years of 
exposure. Increased bronchovesicular markings 
are seen bilaterally primarily in lower lung fields. 


county by degree and duration of exposure 
is shown in Table 5. No cases of pulmo- 
nary fibrosis were found in millers of 
either county whose average exposure was 
less than 20 mppcf or whose duration of 
exposure was less than 10 years. 


Comment 


Although a correlation of the present 
findings with those obtained in 1940 is diffi- 
cult in view of the fact that the data in 
1940 were not compiled separately for the 
millers and miners, certain comparisons, 
nevertheless, can be made. 

In the earlier survey, 32 workers, or 
14.5%, of the 221 millers and miners 
showed x-ray evidence of pulmonary fibro- 
sis, the incidence being greater in the 
millers. At that time, talc plaques were 
seen in the x-rays of 14, or 6.3%, of these 
221 tale workers. Comparing the chest 
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TABLE 5.—Presence of Pulmonary Fibrosis Among Workers in Talc Mills in Two 
Different Counties of New York by Duration of Employment and 
Average Exposur 


St. Lawrence Co. 


x-ray findings of the latter study with those 
of the present investigation in the St. Law- 
rence plants revealed that not only was the 
incidence of fibrosis in the miners less than 
in the millers, but also the actual incidence 
of pulmonary fibrosis in the miners was 
very low. Significantly, one of the miners 
who was included in the 1940 and 1954 
studies had no x-ray evidence of progres- 
sion of the disease since 1954 and no 
greater clinical disability. In addition, no 
talc plaques were found in any of the chest 
x-rays of the miners. 


The 13-year interval of time since the 
institution of wet drilling may not be suffi- 
ciently long to draw any definitive con- 
clusions as to its effect in preventing 
pulmonary fibrosis. However, from the 
dust count data in the mines during the last 
13 years and the low incidence of pulmo- 
nary fibrosis found in the miners, it ap- 
pears probable that the wet method of 
drilling may in time eliminate the problem 
of disabling pneumoconiosis in these talc 
miners. The absence of pulmonary fibrosis 
in the miners of Lewis County, where a 
“natural form’ of dust suppression has al- 
ways been provided by the inherent wetness 
of the rock, tends to support this belief. 

The millers in St. Lawrence County 
showed an incidence of 12.2% fibrosis. 
This is not an appreciable change when 
compared with the over-all 14.5% incidence 
found in 1940. However, it is noteworthy 
that, while the roentgenographic character- 
istics of the positive cases in this group 
were similar to those described in 1940, the 


Lewis Co. 


Av. Exposure 


(MPPCF) * Duration, Yr. No. in Group 


20-50 10-20 
over 20 18 
Over 50 10-20 6 


over 20 5 


Pulmonary 


Pulmonary 
Fibrosis, % 


No. in Group Fibrosis % 


18.8 10 0.0 
22.2 2 00 
33.3 7 0.0 
80.0 4 50.0 


* Million particles per cubic foot. 
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findings were of less severity. The marked 
reduction in dust exposure present for the 
past 10 years has probably resulted in de- 
creasing the severity and progression of the 
disease, if not the actual incidence of the 
disease. 

Of greater significance are the differ- 
ences noted in the findings among the 
millers in two different counties in New 
York. Although the degree of dust expo- 
sure was found to be at least the same and 
more often greater in Lewis County than 
that in the St. Lawrence mills, the inci- 
dence of pulmonary fibrosis in Lewis 
County was significantly lower. In addi- 
tion, the degree of pulmonary fibrosis in 
the two Lewis County millers was minimal, 
and their mean duration of exposure con- 
siderably higher than that of the millers 
of St. Lawrence County (31 years for the 
former, as compared with 19.6 years for 
the latter). It would seem, therefore, that 
these differences are probably due to varia- 
tions in the nature of the dust to which 
the men are exposed. 


Chemical analyses of the ores were not 
performed by this Division; however, such 
analyses were reported by others.* In gen- 
eral, the tale ore of Lewis County has 
been found to contain slightly less com- 
bined silica and more aluminum oxide, 
ferric oxide, and water than the ores of 
St. Lawrence County. Analyses for free 
silica done by this Division have shown 
that, while the ore specimens of both coun- 
ties contain a small percentage of free 
silica, those of St. Lawrence County have 
a slightly greater amount than those of 
Lewis County. The range for the former 
was 0.2%-17%, average 5.1%, while the 
latter had a range of 0.2%-4%, average 
1.4%. 


Further differences were noted in the 
microscopic examination which showed that 
all of the ore specimens of St. Lawrence 
County contained sharp, spicular particles 
characteristic of tremolite as reported in 
the 1940 study, whereas none of these par- 
ticles were found in the ore of Lewis 
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County. The latter showed irregular aggre- 
gates of scaly or granular particles. 

In the light of this study it is concluded 
that, while both forms of tale ore can pro- 
duce pulmonary fibrosis, the greater sever- 
ity and incidence of pulmonary fibrosis in 
the St. Lawrence millers indicate the trem- 
olite variety is the more pathogenic. 


Summary and Conclusions 


An industrial hygiene survey of the tale 
mines and mills in St. Lawrence County, 
New York, showed marked improvement 
in the engineering and medical control as 
compared to that found in the study con- 
ducted in 1940. Although the incidence of 
pulmonary talcosis in the millers has not 
changed appreciably, the severity and the 
progression of the disease has been dimin- 
ished. The reduction in the dust exposure 
in the mines and the lower incidence of 
pulmonary fibrosis among the tale miners 
are primarily due to the institution of wet 
drilling. 

A comparative study of tale millers in 
two different regions of New York State 
showed that, while the degree of exposure 
to tale dust was similar, the incidence and 
severity of the tale pneumoconiosis was 
considerably less where the exposure was 
to the nonfibrous variety of tale. 

The data indicate that, while both types 
of tale can produce pulmonary fibrosis, the 
fibrous, or tremolite, variety is the more 
pathogenic. 

The Bureau of Tuberculosis Control, New York 


State Department of Health, gave assistance in 
obtaining the chest roentgenograms. 


Division of Industrial Hygiene, New York State 
Department of Labor. 
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Intraperitoneally to Rats 


A Preliminary Report 


C. HAROLD STEFFEE, M.D., Oak Ridge, Tenn. 


The literature on the histologic effects 
of rare earths is rather limited. Schepers 
has reported an inflammatory reaction from 
a blend of rare earths with a relatively high 
fluoride content. The reaction was gen- 
erally nonspecific, and its chief long-term 
effect was bronchiolar stricture and emphy- 
sema. With use of a blend having a high 
oxide content he reports that the peribron- 
chial nodes were “almost granulomatous.” * 
Graca and his associates* have reported 
briefly on the effects of intraperitoneal 
injections of the stable rare-earth chlorides 
in mice and guinea pigs. They recorded the 
presence of abdominal adhesions and a 
caseous precipitate of rare earths in the 
abdominal cavity, but the detailed histologic 
studies have not as yet been published. 

We became interested in the rare-earth 
compounds because of the possible thera- 
peutic value of radioisotopic forms in the 
treatment of malignant peritoneal or pleural 
effusions. As an outgrowth of this interest, 
a study was begun on the tissue effects of 
the stable isotopes. Although the results 
reported here are only preliminary, they 
may be of interest to those investigators 
studying rare earths and also of more basic 
interest in that they provide a readily re- 
producible form of a granulomatous inflam- 
mation. Because of the results in animals, 
we have also reviewed the histologic ob- 
servations in our human material. 
‘ Received for publication Feb. 23, 1959. 

From the Medical Division, Oak Ridge Institute 


of Nuclear Studies, Oak Ridge, Tenn., under con- 
tract with the U.S. Atomic Energy Commission. 
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Histopathologic Effects of Rare Earths Administered 


Materials and Methods 


Groups of 10 rats were given intraperitoneal 
injections of a commercial mixture of rare earths 
(C-340),* cerium, lanthanum, yttrium, praseody- 
mium, or neodymium. Each was administered as 
the chloride at a concentration of 60 mg. per 
milliliter. With each compound four different dose 
levels were used. The details of preparation of 
the material for injection appeared in a previous 
publication from this Institute.* Control animals 
received sodium chloride solution. Some of the 
animals died during the course of the experiment 
as a result of the toxicity of the rare earth or 
because of an epidemic of severe pneumonitis in the 
colony, which developed during the course of this 
experiment,® or because of a combination of these 
two factors. Although the experiment originally 
had been planned as a long-term study, this illness 
led to a decision to kill the remaining animals 
22 to 117 days after injection and begin the ex- 
periment again at a later date with a clean colony. 
The animals that were killed showed no clinical 


effects of the rare-earth injection at the time of 
death. 


Experimental Results 


Shortly after the administration of rare- 
earth compounds, many of the animals 
developed a severe ascites. Some of the 
animals succumbed during this phase, and 
as much as 200 ml. of ascitic fluid was 
obtained (Table 1). Those animals surviv- 
ing the acute phase subsequently reab- 
sorbed the ascitic fluid. 


*Lindsay Chemical Company, West Chicago, 
Ill.; Code 340, a commercial product containing 
94% mixed rare earths (relative percentages, La, 
24; Ce, 48; Pr, 6; Nd, 19; Sm, 2; Gd, 0.5; and 
Y and yttrium earths, 0.2, and other rare earths, 
0.3) and 6% of miscellaneous components in- 
cluding mainly Ca, Mg, Fe, Al, sulfate, phosphate, 
and traces of Na, Si, and Th. 
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TaBLe 1.—Occurrence of Ascitic Fluid in Rats 
Given Rare Earths Intraperitoneally 


C-340 


Nd 


Pr 


RARE EARTHS—EFFECTS 


50 


100 


25 


Mg/Kg. 


BRS 


- 
< 


AAAA 


Survival, 
Day 


* Animal appeared moribund and was killed. 


Steffee 


Ascitic 
Fluid, Ml. 


Fig. 1—Animal at the right shows peritoneal 
thickening and adhesions (lanthanum, 100 mg. per 
kilogram, 41 days before death). At the left is a 
control animal. 


Autopsy was performed on all animals, 
and sections of liver, spleen, intestine, heart, 
adrenal, kidney, and lung were studied from 
at least four animals from each group. 
Grossly, many of the animals showed peri- 
toneal thickening and multiple adhesions 
(Fig. 1). The animals studied histologi- 
cally were selected to give as wide a range 
as possible over the survival time with each 
given dosage level. Occasional sections of 
myocardium showed a few foci of lympho- 
cytes, and there were rare instances of 
focal necrosis. The kidneys occasionally 
showed hyaline casts. The adrenals were 
occasionally hyperemic. The changes in 
heart, adrenal, or kidneys could not be 
correlated with the fate of the animal, with 
the dosage of rare earth, or with the se- 
verity of pulmonary inflammation and thus 
are considered as incidental observations. 

The earliest peritoneal lesion in these 
animals was a surface deposition of fibrin 
and an accumulation of neutrophilic leuko- 
cytes (Fig. 2). Subsequently, a massive 
fibrinopurulent peritonitis developed (Fig. 
3). generalized granulomatous _ peri- 
tonitis appeared as early as 10 days 
after injection (Figs. 4 and 5). This 
inflammation was characterized by many 
macrophages and lymphocytes in the in- 
flammatory exudate and by the formation 
of discrete granulomata with occasional 
multinucleated giant cells. These cells usu- 
ally had no more than four nuclei. Their 
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cytoplasm showed evidence of crystalline 
material in only one animal in the entire 
series. The inflammatory reaction was 
present on all the peritoneal surfaces stud- 
ied, including the capsule of the liver, 
spleen, and the serosa of the intestine. 
Sections of abdominal wall or of diaphragm 
were obtained occasionally, and these also 
showed the granulomatous inflammation. 


Fig. 3.—Liver capsule, fibrinopurulent perito- 
nitis (cerium, 200 mg. per kilogram, two days 
before death) ; 450. 
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Fig. 2. — Liver capsule 
showing surface neutrophiles 
and fibrin (lanthanum, 200 
mg. per kilogram, 15 hours 
before death); 450. 


On first examination some of the sections 
of diaphragm appeared to have an exudate 
on both pleural and peritoneal surfaces. 
Subsequent sections revealed that this was 
attributable to a folding of the tissue at 
the time of embedding, so that each free 
surface contained an exudate but these sur- 


faces were both peritoneal. 
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Fig. 4. — Bowel serosa, 
earliest granuloma (lantha- 
num, 25 mg. per kilogram, 
10 days before death); 
x 200. 


We have previously reported hepatic ne- 
crosis after intravenous administration of 
stable rare earths. In the present study 
foci of necrosis were seen in 11 of the 117 
animals. The necrosis 


appeared earlier 


with the larger doses of rare earths, but 
neither necrosis nor evidence of previous 


hepatic damage was seen in the rats that 
were killed (Table 2). The acute lesion 
was not nearly so spectacular as we have 
seen after intravenous use of these com- 
pounds but was nonetheless definite. 
Because of these observations pertinent 
histologic sections were reviewed from all 


available autopsy material from patients who 
had received either yttrium”, or lutecium'* 
intraperitoneally or intravenously in an 
attempt at therapy of a malignant disease 
(Table 3). Here it can be seen that there 
is no consistent inflammatory reaction even 
after intracavitary use of these isotopes. 
A few of these patients had a peritonitis 
at the time of death; this condition may 
or may not have been related to isotope 
administration, since these patients also had 
widespread carcinomatosis. It should also 
be noted that one patient received yttrium” 
both intravenously and _ intraperitoneally 


Fig. 5. — Liver capsule, 
granuloma (cerium, 25 mg. 
per kilogram, 31 days before 


death); 100. 


ee 

De 

Steffee 71/417 


TasLe 2.—Occurrence of Hepatic Necrosis in Rats 
Given Rare Earths Intraperitoneally * 


Dosage, Survival, Severity 
Earth Me/Kg. Days of Necrosis 
C-340 100 20 ++ 
C-340 100 27 + 
Ce 200 37 ++ 
La 100 16 + 
La 100 2h ++ 
La 200 2 +> 
La 200 6 ob 
Y 50 33 ++ 
Pr 50 13 + 
Pr 100 22 + 
Pr 100 ++++ 
Pr 200 2 + 

+ 


* No hepatic necrosis was seen in the animals given neodym- 
ium or in the controls (sodium chloride 2dministration). 


and another patient received lutecium'’ 
both by the intravenous and the intraperi- 
toneal route. Perhaps of greatest interest 
is a patient who showed not only an acute 
purulent peritonitis but also a fatty liver 
and a distinct hepatic necrosis. This patient 
had not received any blood transfusions 
except during the last 10 days of life; 
thus the hepatic necrosis cannot be logi- 
cally attributed to a serum hepatitis. It is 
probable that the liver damage was second- 
ary to a severe peritonitis, but the possi- 


Chemical Dose, 


Isotope Mg/Kg. 


Route 


0.35 


AS 
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TaBLe 3.—Histologic Observations in Patients Given Radioactive Rare Earths 


bility of added damage from the rare earth 
cannot be eliminated from the available 
data. It is, of course, obvious that the dos- 
ages in terms of milligrams per kilogram 
are of a different order of magnitude in 
these patients than the dosages used in the 
experimental animals. The variations in 
chemical dose in the patients are attrib- 
utable to variation in the amount of stable 
carrier added to the isotope. 


Comment 


It is well known that the rare-earth com- 
pounds are insoluble at body pH. When 
they are administered in an acid solution in 
the volumes used in these studies, the 
chemical rapidly precipitates. It is presum- 
ably this precipitate that acts as a foreign 
material inciting the granulomatous inflam- 
matory response. 

The acute development of ascites may be 
related to the acidity of the administered 
solution rather than to the rare earths 
themselves. However, Cochran and asso- 
ciates demonstrated no correlation between 
acidity and the toxicity of several metallic 
rare-earth compounds.’ In 
control 


future studies 


animals will include those given 


Serosal 
Inflammation 
(Acute) 


Interval, Dose to 
Death, Days 


Liver 
Fatty” 


Liver 
Necrosis 
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2020 Yr = 
1.03 17 0 
2034 0.015 10 
1.38 || 6 0 0 
2246 Ye 1.10 LV. 1 0 0 0 ‘ 
2264 Ye 0.000007 4 LV. 3 0 0 0 
1731 0.0066 L.Per 1 0 0 0 
1749 2.40 1.Per. 16 + 
1780 2.94 1.Per. 4 + 
1936 Ye 3.10 1.Per. 16 0 
2062 Yr 1.50 1.Per. 
1.53 L.Per. 1 +t 
2075 Ye 2.09 L.Per. 12 4 
. 2246 Y* 1.91 I.Per. 38 0 0 0 
2427 Yr 2.62 LPI. 300 0 
cee 2461 Yr 0.19 L.Per. 435 0 0 0 
4348 Ye 1.55 120 
0.19 LPI. 90 0 0 0 
2143 Luo? 0.04 LV. 1 0 0 0 
2320 3.28 LV. 9 0 
2320 Lu'?? 0.085 90 
3.16 I.Per. 45 0 
2572 3.54 I.Per. 10 0 0 
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injections of material of similar pH but 
containing no rare-earth compounds. It 
would also be helpful to use tracer amounts 
of radioisotopes of rare earths to compare 
tissue reaction with sites of deposition of 
rare earths as determined by microscopic 
autoradiography. 


Conclusions 


1. Intraperitoneal administration of the 
stable rare earths (cerium, lanthanum, yt- 
trium, praseodymium, neodymium, and a 
commercial mixture C-340) at relatively 
high dosage levels resulted in an acute 
peritoneal reaction, which subsequently de- 
veloped into a true granulomatous perito- 
nitis. Ascites frequently accompanied the 
acute inflammatory reaction. 

2. Intraperitoneal administration of these 
rare earths occasionally resulted in focal 
hepatic necrosis. 

3. Review of our autopsy material from 
human patients treated at a much lower 
dose level failed to reveal definite evidence 
of similar histologic effects. 

Dr. Granvil C. Kyker suggested this study, and 
Edgar A. Cress, and John C. Rafter gave tech- 
nical assistance. 


Medical Division, Oak Ridge Institute of Nu- 
clear Studies. 
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and Combustion Products 


BERNARD D. TEBBENS, Sc.D., Berkeley, Calif. 


Introduction 


Owing chiefly to the extremely small 
concentrations in which aldehydes occur in 
outdoor polluted atmospheres, there is a 
noted lack of analytical methods applicable 
to ascertaining the presence of individual 
aldehydes. A technique has been developed 
for the analysis of mixtures of aldehydes, 
which may be used to determine the pres- 
ence of specific aldehydes in atmospheric 
samples. The proposed technique has also 
been used in a study to determine under 
what conditions, with respect to combustion, 
aldehydes are produced. 

The technique involves the formation of 
a derivative having a relatively large molec- 
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Fig. 1—Reaction of meth- 
one with aldehyde to yield a 
crystalline bis-methone de- 
rivative. 
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Identification of Aldehydes in Polluted Atmospheres 
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ular weight. A second derivative, having 
unique properties, is obtained by merely 
modifying the first. Both sets of deriva- 
tives can be separated readily by means of 
fractional sublimation. Identification of in- 
dividual compounds is accomplished by 
classical methods. 


Techniques 


5, 5-Dimethyl-1, 3-cyclohexanedione, also 
referred to as methone, dimedon, or 
dimethyldihydroresorcinol, specifically re- 
acts with minute quantities of aldehyde 
to yield a crystalline bis-methone deriva- 
tive.23810 This in turn can be dehydrated 
to a crystalline xanthene derivative. 

The method for forming the bis-methone 
derivatives was standardized with known 
aldehydes in aqueous solution, as all un- 
known samples were obtained in aqueous 
solution. The methone reagent (2% in 
alkaline solution) was added to 20 ml. sam- 
ples in amounts that did not exceed the 
solubility of unreacted methone when the 
solution was ultimately acidified. The mini- 
mum workable concentration of aldehyde 
was in the order of 100ug/20 ml. sample. 
The solution was adjusted to a pH of 7 
subsequent to the addition of the methone 
reagent. After approximately 18 hours the 


CO CH CH CO. 
CA2 “CH, CHe HP CHe CHe | 
CQ _CH 
4 CA, “CH, 
| 
(CH Cc C (CH) 
cH, oO” 
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solution was readjusted with hydrochloric 
acid to a pH of 3.5, and crystallization was 
allowed to continue in the cold for an addi- 
tional 18 hours. The yields are normally 
in the range of 30%-50% with the excep- 
tion of formaldehyde which is recovered 
quantitatively. 

The anhydrous or xanthene derivatives 
were prepared by heating the bis-methone 
derivatives (0.5 mg. or more) with four 
to five times their volume of glacial acetic 
acid at 100 C for seven hours.* The ma- 
terial in solution was precipitated by the 
addition of ice water. After filtration any 
unreacted bis-methone derivative was re- 
moved by treatment with dilute alkali; bis- 
methone derivatives are alkali soluble, 
xanthene derivatives are alkali insoluble. 

The standardized methods for forming 
the derivatives were applied to 16 simple 
aldehydes of known composition. Melting 
points are listed in Table 1. As indicated 
on the table only six xanthene derivatives 
could be prepared and of these the form- 
aldehyde xanthene derivative only with 
difficulty. 

A suitable method for separating a mix- 
ture of derivatives to individual compo- 


TABLE 1.—Melting Points of Simple 
Aldehyde-Derivatives 


Melting Point, C 
Bis-Methone Xanthene 

Aldehyde Derivative Derivative 
Formaldehyde. 191-192 172-173 
Acetaldehyde *_............ 141-142 176.5-177 
Propionaldehyde * 157-158 142-143 
Butyraldehyde 134-135 135-135.5 
Isobutyraldehyde *_...._- 153-155 155-156 
107-109 on 
154-155 
Hexanaldehyde 101-103 
Benzaldehyde 194-195 204-206 
t 
190-192 
70-80? 
185-190 
147-149 
Pyruvie aldehyde §......-- 
164-165 


* Readily converted to xanthene derivatives. 

+ Limited solubility in water limits yield of bis-methone 
derivative. 

t Apparent decomposition of derivative above 130 C. 

§ Does not form bis-methone derivative 
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nents involves the use of a fractional 
sublimation technique.* Both the bis-me- 
thone and xanthene derivatives have a 
wide range of sublimation temperatures, 
with derivatives of individual aldehydes 
varying widely from each other. The fol- 
lowing mean sublimation conditions are 
included only to indicate orders of magni- 
tude, as there is considerable variation be- 
tween the initial and final conditions: the 
bis-methone derivatives (hot end, 94 C; 
cold end, 53 C; pressure, 0.04 mm. Hg) ; the 
xanthene derivatives (hot end, 121 C; 
cold end, 70 C; pressure, 0.04 mm. Hg). 

The various derivatives can be identified 
by means of melting points and infrared 
spectroscopy, as well as by visually observ- 
ing the various crystalline forms directly 
in the sublimation tube with use of a dis- 
secting microscope (X 45). For example, 
the xanthene derivative of formaldehyde 
appears as heavy platelets, acetaldehyde as 
long needles, and propionaldehyde as _ rods. 

As shown in Figure 2, ultraviolet spec- 
troscopy may be used to differentiate the 
bis-methone derivatives from the xanthene 
derivatives; the formaldehyde xanthene 
spectrum is uniquely characteristic in that 
the long wave-length band suffers a 5 my 
bathochromic shift compared to all other 
xanthene derivatives. Ultraviolet spectros- 
copy may be used as a ready method to 
determine the degree to which derivative 
formation has proceeded. It may also be 
used as a tool in quantitative measure- 
ments, as the curves follow the Beer-Lam- 
bert Law to a minimum of I5yg. of 
xanthene derivative contained in 3 ml. of 
methylene chloride. On an average basis 
this is equivalent to 3ug. of aldehyde. 

Actual quantitative analysis of individual 
aldehydes in a mixture is very difficult 
because derivative yield is not quantitative. 
Recently Touey* measured the total alde- 
hydes produced during the combustion of 
10 cigarettes by weighing the combined 
bis-methone derivatives. The results were 
expressed as “apparent acetaldehyde,” as 
no attempt was made at differentiation. 
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©) KNOWN ALDEHYDES-ANHYDRIDE DERIVATIVES 
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SOLVENT: CH,Cl, 


ALDEHYDE BIS-METHONE DERIVATIVES 


Fig. 2.—Ultraviolet ab- 
sorption curves for me- 
thone, bis-methone 
derivatives, and  anhy- 
drous bis-methone (xan- 
thene) derivatives. 


WAVE LENGTH, mw 


The recovery of bis-methone derivatives 
from a mixture of aldehydes compared with 
the recovery from individual solutions con- 
taining the aldehydes in the same concen- 
tration as the mixture is shown in the 
following tabulation. The recovery is less 
for the sum of the individual aldehydes, 
but this is probably due to a cumulative 
manipulation loss during recrystallization. 


Recovery Weight 


Aldehyde Bis-Methorie, Mg. 
Formaldehyde 134.4 
Acetaldehyde 27.2 
Propionaldehyde 24.4 
Isobutyraldehyde 5.1 
Butyraldehyde 15.8 
Benzaldehyde 34.3 

241.2 
Mixture 267.4 


Investigation of Atmospheric Samples 


The analytical technique was applied to 
representative atmospheric samples. Par- 
ticulate material trapped in a conventional 
manner was steam-stripped, resulting in the 
desired aqueous samples. This method of 
obtaining air-borne aldehyde samples was 
found to be as efficient as condensation 
techniques involving cold traps. The pres- 
ence of one unique crystalline form in the 
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sublimation 
points indicated the presence of only a 


tube together with melting 
single aldehyde—formaldehyde. These re- 
sults were consistent with both the bis- 
methone and xanthene derivatives. Infrared 
spectroscopy was used to verify the identity 
of the bis-methone derivative; the results 


are shown in Figure 3, Unknown III. 


It is interesting to note that during pe- 
riods of low humidity, relatively large 
quantities of formaldehyde were detected. 
During periods of high humidity, only very 
small quantities could be detected. 

Previous work dealing with the separa- 
tion of the “hydrocarbon portion” of the 
particulate organic material found in pol- 
luted atmospheres showed the major com- 
ponent to be an oily or resinous material.® 
Infrared curves of this oily material show 
a strong absorption band in the region as- 
sociated with the stretching vibration of 
carbonyl groups. The current investigation 
almost excludes the possibility that the res- 
inous material is formed through an aldol 
type condensation involving simple alde- 
hydes. A possibility for future considera- 
tion, in agreement with all experimental 
findings, is that a part of the oily or resin- 
ous material may be formed through a con- 
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and bis-methone derivatives of Unknowns I and ITI. 
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Fig. 3.—Spectra of 5,5-dimethyl-1,3-cyclohexanedione (methone), methylene bis-methone, 
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densation of formaldehyde with phenolic 
type compounds. Phenolic type compounds 
are known to be present in polluted atmos- 
pheres,® and the latter type of reaction 
readily occurs. 


Investigation of Combustion Processes 
Leading to Formation of Aldehydes 
To 


determine under what combus‘ion 


conditions aldehydes are produced, the ana- 
lytical technique was applied to the stack 
effluent of fuels burned under conditions 
of complete and incomplete combustion. 
Samples were obtained with use of specifi- 
cations slightly modified from those de- 
scribed in previous work.** 


and Unknown II. 


Fig. 4—Spectra of methone anhydride derivatives (xanthene derivatives) of formaldehyde 
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The fuels used were methane, propane, 
and 1-butene. In all cases the primary and 
secondary air were set at preselected values 
to control the type of combustion, while the 
final flame adjustment was made visually 
by controlling the fuel flow. The fuel 
consumption thus constant for each 
particular run but varies slightly between 
separate runs. The trends with respect to 
the results are always the same under these 
conditions, even though absolute resultant 
values vary slightly between replicate runs. 

For complete combustion, primary air 
and fuel were mixed prior to combustion, 
with use of a modified high-temperature 
blast burner. The burner design allowed 
force-feeding of the secondary air. Under 


is 


i 
i } | 
i os Eos | i tos ios) 
| 
FREQUENCY. cm” 
78/424 Vol. 20, Nov., 1959 


4 
| 
t 
ies 


ALDEHYDES—IDENTIFICATION 


these conditions, the flame was of an in- 
tense blue color and there was a negligible 
amount of carbon monoxide and particulate 
material produced. Incomplete combustion 
was accomplished by eliminating the pri- 
mary air. Under these conditions, there 
was a bushy yellow flame and considerable 
amounts of carbon monoxide and particu- 
late material were produced. A blast type 
burner was used because the type of com- 
bustion closely approximates that encoun- 
tered in furnaces, gas cooking 
industrial incinerators, and other burners 
generally encountered in field use. For 
quantitative combustion studies the burning 
was done in a closed chamber connected in 
sche- 
matic drawing of the burner and collection 
system is shown in Figure 5. For qualita- 


stoves, 


series with the sampling system. 


tive studies and confirmatory tests the burn- 
ing was done in a vented stack with only a 
portion of the stack effluent being drawn 
through the collection system. 


In addition to trapping the aldehydes in 
the particulate component, it was also 
necessary to trap the aldehydes in the gas- 
eous phase during controlled combustion, 
as the stack effluent had the effect of steam- 
stripping the particulate components. The 
large amount of water in the gaseous phase 


prohibited the initial use of freeze-out 
traps of the type described by Cadle for 
volatile atmospheric contaminants.’ To over- 
come this difficulty the combustion effluent 
was drawn initially through a series of 
three 3-ft. long glass condensers maintained 
at 2 C. A reservoir was provided at the 
bottom of each condenser to collect the 
condensate. Over 80% of the total simple 
aldehydes collected were always found in 
this condensate. Final stripping of the gas- 
eous phase was accomplished either by ad- 
sorption through an activated charcoal trap 
or freeze-out traps. This combination was 
superior to bubbler type traps because it 
was found necessary, for optimum recov- 
ery, to minimize the volume of water con- 
taining the aldehydes. As in the case with 
atmospheric samples, the aldehydes in the 
particulate trap can be rapidly and quanti- 
tatively steam-stripped. 

Formaldehyde was again the only detect- 
able aldehyde produced and was found 
under all but stoichiometric conditions of 
combustion, as indicated by crystal forma- 
tion in the sublimation tubes and by melting 
points. Verification was made by infrared 
spectroscopy as indicated in Figures 3 and 
4, Unknowns I and II. A point of consid- 
erable interest is that even under conditions 


Fig. 5.—Schematic 
drawing of blast burner 
and collection system. 
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Vol. Primary 
Air, Cu. Ft. 


Run 


Methane, 14 gm. + 
Complete comb. 


Incomplete comb. 


Propane, 10 gm. 
Complete comb. 


Incomplete comb. 


1-Butene, 11 gm. tf 
Complete comb. 


Incomplete comb. 


1 7.8 
2 78 
3 7.8 
4 78 
5 
6 


TaBLe 2.—Effect of Secondary Air on Aldehyde Production 
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Total Aldehyde Production 
Vol. Secondary — 
Air, Cu. Ft. 


Mg. 


ppm * 


0.19 0.3 
11.7 1,25 1.7 
15.6 4.45 5.0 
17.6 7.5 


* Volume of formaldehyde per million volumes of stack effluent. 
+t Approximate weight of fuel burned per run of one-half hour’s duration. 


of apparently complete combustion large 
quantities of formaldehyde may be _ pro- 
duced proportional within limits to the flow 
of secondary air. This increase in produc- 
tion is probably due to a cooling action. 


During incomplete combustion formalde- 


hyde is always produced in relatively large 
quantities, but as the flow of secondary air 
increases the flame and effluent characteris- 


Fig. 6.—Graphical rep- 
resentation of the effect 
of secondary air on alde- 
hyde production. 


ALDEHYDE PRODUCTION 


INCOMPLETE COMBUSTION 


tics begin to approach that of complete 
combustion, with the aldehyde production 
being inversely proportional to the flow of 
secondary air. Beyond a certain point the 
cooling effect becomes dominant, 
causing an increase in aldehyde production. 

Owing to inherent limitations during 
combustion this latter point can only be 
quantitatively exemplified with use of meth- 


again 
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\ 


SECONDARY AIR ———~ 
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2 7.8 11.7 3.14 4.1 
3 7.8 15.6 7.8 8.5 

“ae 4 7.8 19.5 13.2 12.4 

5 15.6 9.7 15.7 
6 11.7 4.7 10.0 

7 78 16.4 51.0 

8 4.7 24.5 120.0 

78 78 0.20 0.3 

2 7.8 11.7 0.56 0.8 

\ 3 7.8 19.5 3.07 3.0 

4 14.4 1.47 2.6 

5 9.6 2.12 5.8 
6 5.8 15.3 67.5 

9.6 8.75 23.7 

5.8 19.2 85.3 
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ane as the fuel. Quantitative measure- 
ments on the effect of secondary air on 
aldehyde production during combustion are 
given in Table 2. The results are graphi- 
cally represented in Figure 6. 

It is interesting to compare the data of 
Table 2 with information of a similar na- 
ture contained in the Air Pollution Founda- 
tion Report: Number 2, of 1955, that was 
obtained by making numerous assump- 
tions... Comparing the total aldehydes 
produced exclusively from the burning of 
natural gas consumed per day from all 
sources (20,267 tons per day) in the Los 
Angeles Basin gives a ratio of 8.6 10~*. 
The total aldehyde concentration was deter- 
mined without any attempt at differentia- 
tion of aldehydes. In a similar manner, 
comparison of the total formaldehyde pro- 
duction for various runs in Table 2 to the 
weight of methane burned always gives a 
ratio in the same order of magnitude. Tak- 
ing an average value of 10 mg. of form- 
aldehyde produced per 14 gm. of methane 
gives a ratio of 7.2X10-*. The significance 
is that an earlier assumption has _ been 
confirmed. 

It is not logical to conclude that form- 
aldehyde is the exclusive aldehyde present 
in polluted atmospheres or produced during 
combustion (calculated heat of formations: 
formaldehyde, 384.6 Keal. per mole; 
acetaldehyde, 617.8 Keal. per mole; propi- 
onaldehyde, 851.0 Keal. per mole). The 
preponderance of formaldehyde may inter- 
fere with the detection of other aldehydes; 
other aldehydes may be present in quan- 
tities too small to be detected by this meth- 
od, or there are aldehydes present of a 
higher molecular weight that cannot be 
detected by the proposed method. Another 
possibility is that the simple aldehydes are 
so reactive that they are completely removed 
from the field directly at the combustion 
source. This latter question might be re- 
solved in the combustion studies by micro- 
probing directly in the flame. 

The inference from this study on possible 
atmospheric contamination by combustion 
processes is self-evident. In general prac- 
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tice, large quantities of secondary air may 
be introduced to eliminate the smoke plume. 
A visible atmospheric contaminant may be 
replaced by an invisible contaminant unless 
close control over secondary air is main- 
tained. 


Summary 


A method was proposed for the analysis 
of a mixture of aldehydes contained in an 
aqueous solution. Methone reacts rapidly 
and in large yields with most simple alde- 
hydes to form  bis-methone derivatives 
which in turn can be dehydrated to xan- 
thene derivatives. These derivatives can 
be readily separated by means of fractional 
sublimation. The identification of individ- 
ual aldehydes is accomplished by means of 
melting points and infrared spectroscopy. 

Formaldehyde was the only aldehyde 
whose presence could be positively ascer- 
tained in freshly collected samples obtained 
from natural polluted atmospheres. It is 
interesting to note that during periods of 
low humidity relatively large quantities of 
formaldehyde were detected. During pe- 
riods of high humidity only very small 
quantities could be detected. 

Formaldehyde is present in gross 
amounts and is the only aldehyde that can 
be detected in both the gaseous phase and 
particulate component of the stack effluent 
of simple hydrocarbon fuels burned under 
conditions of incomplete combustion. The 
total aldehyde production has been related 
to the primary and secondary air flow. 

A point of considerable importance is 
that large quantities of formaldehyde may 
be produced even during the apparently 
complete combustion of simple hydrocarbon 
fuels. The amount produced is proportional 


within limits to the amount of secondary 
air. 


Sanitary Engineering Research Laboratory, Uni- 
versity of California, Berkeley, Calif. 
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Phosphorus occurs in allotropic 
modifications, a white and a red. The white 
form is poisonous, but the red is considered 
to have no toxic properties. Red phos- 
phorus, of which there are several varieties, 
is produced when white phosphorus is 
heated to high temperatures. It is chemi- 
cally much more stable than white phos- 
phorus. 

In investigations of the toxicity of red 
phosphorus the substance generally has 
been given by mouth. The possible risks 
from inhalation of red phosphorus, on the 
other hand, have received very little study. 
Such exposure, however, may arise in fac- 
tories where, for instance, red phosphorus 
is produced by sublimation of the white 
substance. From a factory of this type we 
observed four cases of acute, atypical pneu- 
monia of sudden onset. In one case there 
was a fatal outcome. All four patients had 
roentgenographically verifiable pulmonary 
lesions which persisted for a long time. In- 
halation of red phosphorus was regarded 
as a possible cause of the illness, since cer- 
tain of the factory processes entailed ex- 
posure to red phosphorus in concentrations 
up to 40 mg. per cubic meter. 

The purpose of the studies now to be 
presented was to elucidate the retention of 
red phosphorus in the lungs and its possible 
translocation to other organs after inhala- 
tion of the substance in aerosol form. 


Received for publication March 23, 1959. 
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Animal Experiments on the Spread of Inhaled 
Radioactive Red Phosphorus in the Body 


TORE DALHAMN, M.D., and BO HOLMA, M.L., Stockholm, Sweden 


Method 


Mice were the experimental animals. During one 
hour they breathed an aerosol of red phosphorus. 
The raw material for the aerosol was pulverized 
red phosphorus which had been washed in water 
to free it from phosphides. The phosphorus was 
radioactivated in a high neutron flux for about 
a week. The activity of the P® then was about 
8 me. per gram. The aerosol was produced by 
insufflation of compressed air into the substance 
through a fine cannula, after which the particles 
passed through two sedimentation flasks to allow 
precipitation of the largest aggregates. The par- 
ticle-size distribution was determined microscopi- 
cally after deposition with a thermal precipitator. 
The cover slips on which the precipitate was ex- 
amined were silicone-treated. The maximal size 
of the particles was about la and the mean diam- 
eter was 0.46+0.284 (Fig. 1). The concentration 
in the aerosol was 5 mg. per cubic meter. This 
was determined by measuring the weight difference 
of a Fiberglas filter on the outflow side of the 
inhalation chamber before and after exposure. The 
rate of flow through the inhalation chamber— 
which was 21 liters in volume 


was 6 liters per 


Fig. 1—Particles of P* in the red phosphorus 
aerosol, 


e* s. 
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minute, as measured with a Rotameter on the out- 
flow side. The aerosol was sucked through the 
apparatus with a vacuum pump so as to obtain a 
pressure rather lower than atmospheric and was 
collected on the Fiberglas filter in front of the 
outlet. The entire apparatus stood in a_ basket 
funnel. 

Fifteen mice were exposed for one hour to the 
aerosol in the inhalation chamber. There each 
mouse was kept in a separate compartment, so as 
to make the experimental conditions as uniform 


84/430 


Fig. 2. — Autoradiographs 
of mice exposed to radio- 
active red phosphorus. Ar- 
row 1 indicates the nose; 
Arrow 2, the lung; Arrow 
3, the digestive system. (a) 
Immediately after; (b) 20 
minutes after; (c) 2 hours 
after; (d) 48 hours after, 
and (¢) 10 days after ex- 
posure. 


as possible. The mice were killed in groups of 
three. The first group was killed immediately after 
exposure to phosphorus, the second 20 minutes 
later, the third after 2 hours, and the fourth and 
fifth after 48 hours and 10 days, respectively. The 
method was to plunge the mice rapidly into a mix- 
ture of acetone, alcohol, and carbon dioxide ice, 
the temperature of which was about —70 C. 

Autoradiography was then made of whole- 
sectioned mice according to the method of Ullberg ' 
and as described by Holma and Nelson? 


Vol. 20, Nov., 1959 


i 


INHALED PHOSPHORUS—SPREAD 


Results 


(Fig. 2) showed 
that in regions corresponding to the diges- 
tive and respiratory tracts there was high 
radioactivity immediately after exposure to 
the phosphorus aerosol. After the next two 
intervals (20 minutes and 2 hours) this 
activity was still present, except in the 
upper part of the respiratory tract. After 
2 days and 10 days, the lungs still displayed 
radioactivity but none was apparent in other 
organs. 


The autoradiograms 


Comment 


In these experiments spread of the in- 
haled red phosphorus seemed to be confined 
to the organs of digestion and respiration. 
The digestive organs were apparently free 
from phosphorus within, at any rate, 48 
hours. In the lungs, by contrast, there was 
relatively protracted retention of phospho- 
rus. It would therefore appear that inhaled 
red phosphorus cannot plausibly exert 
toxic effects beyond the digestive and res- 
piratory tracts. Whether or not this re- 
tention may give rise to toxic disturbance 
which could explain the cases of pneumonia 
mentioned in the beginning of this paper 
was not determined by our experiments. 


Dalhamn—H olma 


To answer this question detailed investiga- 
tion of workplaces and pathologic-anatomic 
examination of the exposed tissue would 
be among the requirements. Studies along 
these lines are now in progress at the Na- 
tional Institute of Public Health* and the 
Department of Occupational Medicine of 
Karolinska Sjukhuset.* 


Summary 

A study of the deposition and retention 
of P%*-labeled red phosphorus of mean 
particle diameter of 0.46» inhaled for one 
hour at 5 mg. per cubic meter by mice 
indicated by the technique of autoradiog- 
raphy that the phosphor was confined to 
the upper respiratory tract and the gastro- 
intestinal tract but was retained in the lungs 
for at least 10 days. 


Institute of Hygiene, Karolinska Institute. 
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Distribution and Excretion of Mercury Compounds 
After Single Injection 


AKE SWENSSON, M.D.; KARL-DAVID LUNDGREN, M.D., and OLLE LINDSTROM, Lic. Techn., 


Stockholm, Sweden 


It has long been known that the clinical 
picture presented by the case of mercury 
poisoning varies widely according to the 
particular compound concerned. For in- 
stance, the picture presented by a case of 
acute poisoning by corrosive sublimate— 
mercury bichloride—with signs of. renal 
damage as the dominating symptom, is quite 
distinct from that of poisoning by metallic 
mercury, which is characterized by stoma- 
titis, salivation, tremor, and eretism. Again 
the picture is very different in cases of 
poisoning by organic mercury compounds. 
In poisoning with alkyl mercury compounds, 
first described by Edwards? but not gen- 
erally known until the work of Hunter, 
Bomford, and Russell,” the clinical picture 
is dominated by symptoms from the central 
nervous system, symptoms of damage to, 
for instance, the kidneys and the liver being 
of no importance.?* 

The toxicity is of the same order of 
magnitude when mercury bichloride or the 
alkyl and phenyl mercury compounds used 
in this study are supplied parenterally.? The 
reason for the difference in the clinical 
picture presented by poisonings due to 
various types of mercury compounds is 
obscure. Biopsy and medicolegal examina- 
tion have shown that persons who have died 
from alkyl mercury poisoning have high 
amounts of mercury in various parts of the 
brain—340yg.-970ug. per 100 gm. of brain 
substance.*® In cases of poisoning with 
metallic mercury, on the other hand, the 
brain contains only traces of mercury,’ 
~ Accepted for publication March 10, 1959. 

From the Department of Occupational Medicine, 
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most of the retained mercury being found 
in the kidney. Even when inorganic mercury 
compounds were supplied over a fairly long 
period of time, only small amounts of 
mercury could be demonstrated in the brains 
of laboratory animals.1°™ 


Little is known of the deposition of 
mercury in the various organs after experi- 
mental supply of alkyl and phenyl mercury 
compounds. The element is accumulated in 
the kidneys after supply of phenyl mercury 
acetate.*14 One of us (A. S.)® demon- 
strated appreciable amounts of mercury in 
rabbit brain after intravenous injection of 
methyl mercuric dicyandiamide. The ani- 
mals had received large doses of the mercury 
compound to permit determination of the 
mercury content of the organ by conven- 
tional chemical methods. Friberg et al. 
found that mercury was accumulated chiefly 
in the kidneys and to less degree in the 
liver after the subcutaneous injection of a 
single dose of mercuric chloride or phenyl 
mercuric acetate in the rabbit. The amounts 
of mercury found in the brain were small 
in both cases. 


In order to obtain more detailed knowl- 
edge of the uptake of mercury in different 
organs after supply of various types of 
mercury compounds in doses which do not 
produce injury to the animals, a tracer study 
has been performed with the radioactive 
mercury isotope 


Materials and Methods 


Mercury Compounds.—Radioactive mercuric ox- 
ide, Hg™O, obtained from the Atomic Energy 
Research Establishment, Harwell, England, was 
dissolved in dilute nitric acid 1:10, the excess of 
which was neutralized. To prevent precipitation of 
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the oxide it was necessary to keep the pH of the 
solution at 1.2. 

The solutions of methyl mercuric hydroxide and 
phenyl mercuric acetate were prepared by mercury 
exchange between the inactive compounds and the 
radioactive mercury nitrate. Phenyl mercuric ace- 
tate was dissolved in glacial acetic acid, which 
solution was used in the exchange reaction, whereas 
a straight aqueous solution could be used in the 
case of methyl mercuric hydroxide because of the 
high solubility of this compound in water. The 
proportion of radioactive to inactive mercury was 
1:1, so that the specific activity of the radioactive 
organic mercury compounds obtained in this way 
was one-half of the original activity of the in- 
organic mercuric nitrate. The inorganic component 
was precipitated by addition of sodium hydroxide 
to pH 10 after a reaction time of 24 hours. The 
amount of inorganic mercury remaining in solu- 
tion due to the solubility of mercuric oxide in 
water was less than 1% of the total amount of 
meveury. 

The solutions were diluted to a concentration of 
200ng. Hg per milliliter, this being used through- 
out the experiments. The total concentration of 
mercury was determined after digestion by means 
of the colorimetric dithizone method.” The specific 
activities were estimated after determination of 
the counting geometry by means of radioactive 
standard with the cobalt isotope Co”. Data for 
the preparations are given in Table 1. 

E-xperiments.—l. One series of experiments was 
performed on rats. After the animals had been 
anesthetized by an intraperitoneal injection of 
tribromoethano] (Avertin) the femoral vein was 
exposed and the mercury compound injected, the 
dosage being 100ug. of mercury per kilogram of 
body weight. Then the incision was sutured. The 
quantities injected were mercuric nitrate, 161.8; 
methyl mercuric hydroxide, 116.0, and phenyl mer- 
curic acetate, 167.9. These amounts are about 1% 
ot the LDs.° From each experimental group 10 
animals were killed with ether 3 hours and 1, 4, 
16, and 32 days after the injection, and the mercury 
content in various organs was estimated. 


Il. Experiments were performed on dogs to 
study the variation in mercury content of the blood 


TABLE 1.—Properties of the Mercury Compounds 


Initial 
Specific 
Solution Hg Content, Activity, 
pH ue/ M1. Mc/QGm. Hg 
Mercuric nitrate 1.2 200 3.35 
Phenyl] mercuric 
acetate 11 200 2.00 
Methy! mercuric 
hydroxide 10 200 1.72 
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aul urine immediately after an intravenous injec- 
tion of the mercury compound. 

The animals were anesthetized by intraperifoneal 
supply of pentobarbital (Nembutal) and kept under 
superficial narcosis throughout the experiment. The 
saphenous vein was exposed, and after heparin- 
ization a fine polyethylene catheter was inserted 
into the inferior vena cava. Through this catheter 
blood samples were taken at various times during 
the experiment. A catheter was passed through 
the urethra into the bladder for continuous sam- 
pling of urine. About 1 L. Ringer’s solution was 
supplied by intravenous infusion to ensure diuresis 
during the experiment. The preparation was in- 
jected into an exposed superficial vein of a foreleg. 
At the end of the experiment samples of various 
organs were taken for determination of the mer- 
cury content. 

I1I. Some in vitro experiments were performed 
to study the distribution of the various mercury 
compounds in the blood. The compound was added 
to citrated blood in vitro, and the mercury content 
of whole blood and plasma was determined. 

Specimens were taken from various organs for 
determination of the mercury content. No attempt 
was made to remove the blood from the organs 
concerned. The mercury content was calculated as 
micrograms per gram of wet substance. 

Method of Analysis—The radiochemical anal- 
ysis involved the counting of B-particles with a 
Geiger end-tube on a thin precipitate of mercuric 
sulfide. This necessitates digestion of the organ 
followed by precipitation of the sulfide under 
standard conditions. Inorganic mercuric nitrate is 
added prior to digestion to minimize losses dur- 
ing the analytical operations and to serve as a 
carrier in the final precipitation. This is a compli- 
cated and tedious procedure compared with direct 
y-determination on the radioactive organ by means 
of scintillation detectors, which method was not 
available until the main part of these experiments 
was completed. 

Previous studies have shown that the determina- 
tion of small quantities of mercury in organs is 
disturbed by the volatility of the mercury com- 
pounds and by adsorption effects, which may re- 
move considerable amounts of mercury from the 
solution at these extremely low concentrations. In 
the tracer technique errors due to the adsorption 
effects are easily diminished by addition of excess 
of an inactive mercury compound, which acts as 
a carrier for the radioactive mercury compound. 

Evaporation losses can be largely avoided by 
careful digestion under efficient reflux condenser. 
In the present analysis exit gases from the con- 
denser are passed through a wash-bottle containing 
sulfuric acid to absorb any volatilized mercury 
compounds. The quantities of mercury collected 
in the wash-bottle are generally, though not always, 
small. 
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Analysis —The weighed specimens were digested 
in a mixture of equal volume parts of sulfuric 
and nitric acid. The quantity of acid was 1.7 times 
the weight of the organ sample. Mercury, 5 mg., 
as inactive mercuric nitrate, was added to the di- 
gestion flask and the wash-bottle to serve as a 
carrier, The sample was carefully digested, with 
the evolved nitrous gases passing through the con- 
denser and the wash-bottle. When digestion was 
complete a clear solution was obtained, sometimes 
covered with a transparent layer of liquid fat. 
The digest was cooled, and the contents of the 
wash-bottle were mixed with the digest. Parts of 
the apparatus that had been in contact with the 
gases from the digestion flask were rinsed care- 
fully and the washings combined with the digest 
for further processing. 

The acid solution was neutralized by adding 40% 
sodium hydroxide to pH 1.0, pH paper being used 
as an indicator. Any fat residue was removed by 
filtering through cotton. The solution was then 
accurately neutralized to pH 1.2, controlled by 
means of a Beckman pH meter. The mercury was 
precipitated as a sulfide by addition of 1 ml. of a 
1 molar solution of sodium sulfide. The solution 
was heated to boiling to promote flocculation of 
the precipitate and then left to settle overnight. 
The precipitate was collected in a Tracerlab E-8 
B precipitation apparatus of stainless steel. The 
thin filter cake was washed with acetone and dried 
overnight at 40 C. The activity of the filtrate 
was determined with standard equipment. 

Activity Determination.—To avoid contamination 
the sample was enclosed in Pliofilm. The activity 
was determined by means of a Tracerlab SC-90 
Utility Scaler with a TGC-2 end-tube. The samples 
carried on Tracerlab E-7 A disks were counted in 
a Tracerlab SC-90 shielded manual sample changer. 

Error of the Method—The analysis technique 
was initially checked in a series of 20 control anal- 
yses on organs with added known quantities of 
radioactive mercury. The coefficient of variation 
in this series was 3.1%, of which 2.8% remained 
after elimination of the error due to counting 
statistics. Since these controls were performed 
over a short period of time and by only one 
analyst a somewhat larger error must be expected 
in practice than indicated by the control analyses, 
as will be shown below. 

A further check could be obtained by conven- 
tional determination of the amount of mercury in 
the radioactive filter cake. This should be constant 
and equal to the 10 mg. of mercury added as car- 
rier. The amount of radioactive mercury present 
is very small compared with the quantity of in- 
organic mercury and is negligible in the conven- 
tional analysis. If R mg. of mercury are found 
instead of the added 10 mg., the amount of radio- 
active mercury present is R/10 times less than the 
amount originally present in the digested organ. 
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Actually early control analyses according to this 
scheme, digestion of filter cake and subsequent 
Volhard titrations revealed that there was some- 
times a substantial deficit of mercury in the filter 
cake. This deficit may be ascribed to either evapo- 
ration losses or incomplete precipitation of the 
sulfide. The former is improbable because the 
evolved gases were washed by passing through 
sulfuric acid, which we found to give a quantita- 
tive recovery in these analyses. Incomplete pre- 
cipitation of the sulfide seems to be the most 
probable explanation. This question has, however, 
not been studied in detail. Similar observations 
have been made by Ketelaar™ during analyses of 
mercury seed disinfectants. In this case, mercuric 
sulfide was precipitated under conditions similar 
to those of the present analysis. Because of this 
effect, the filter cakes were digested after the 
radioactive assay with mixed acid and the total 
mercury was determined by Volhard titration. The 
correct content of radioactive mercury in the organ 
sample was then obtained by multiplication of the 
primary radioactive result by the ratio R/10. In 
this operation the coefficient of variation due to 
the added quantity of carrier and the analytical 
error in the Volhard titration were each about 5%. 
These sources of variation give a total coefficient 
of variation of 7%. 

Undissolved fat was separated by filtration. No 
mercury was found in the fat component; repeated 
measurement of the separated fat residue always 
gave a negative result. 

The error due to counting statistics was small. 
If the number of from the sample is 
denoted by A and the background count during 
the same period by B, the total number of counts 
is A+B, and the standard deviation for A is 
V A+2B, the coefficient of variation is VA+2B/A. 
In general, 3,200 counts were registered (preset 
count). The activity was consistently so high that 
the statistical error was less than 5%, except in 
some plasma samples. 

The measurements were checked throughout the 
experimental period by means of a reference con- 
taining Co”. The variation in 
measurements was only 1%-2%. 


counts 


these reference 


The weak £-radiation from Hg™ was partly 
absorbed in the precipitate and the Pliofilm. The 
thickness of the Pliofilm varied slightly, as would 
the thickness of the precipitate in the case of 
incomplete precipitation, as discussed above. These 
two sources of error gave a coefficient of variation 
of about 5%. 

Half-Life of the Isotope-——The specific activity 
of the compounds decreased with time according to 
the law for radioactive decay. Since these investi- 
gations were extended over a fairly long period 
compared with the half-life of the isotope, it was 
considered necessary to have an accurate estimate 
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Methyl 
Mercuric Mercuric Mercuric Mercuric Mercuric Mercurie Mercuric 
Hydroxide Nitrate Acetate Hydroxide Nitrate Acetate Hydroxide 
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Mercuric 
Acetate Hydroxide 


Mercuric 


Mercuric 
Nitrate 


* Mercury content is given in micrograms of mercury per gram of wet-weight tissue. The dose injected was 100ug. Hg per kilogram of body weight. Each figure is the mean for 10 


animals. 


Time 
After 
Injection 
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of the half-life period in order to avoid error in 
the correction of activities for radioactive decay. 
The figures for the half-life period of Hg™ from 
various sources vary between 45.8 and 51 days. 
Because of this uncertainty a determination was 
made for the compounds used in this investiga- 
tion. Several samples were examined at various 
times over a period of six months, and the mean 
of the half-life period was 47.4 days, which value 
was used in the calculations. The true half-life 
period probably does not deviate more than 1% 
from this value. One per cent deviation would in- 
volve an error of not more than three per cent 
in the case of the last analyses (performed five 
months after calibration). 

Summation of the various sources of variation 
discussed above gives a total estimated coefficient 
of variation of 10% for this analytical procedure 


Results 

Long-Term Experiments on Rats——The 
distribution of mercury in the organs at 
various times after injection is shown in 
Table 2. The mercuric nitrate was fixed 
rapidly and almost completely to the kidneys. 
Phenyl mercuric acetate showed a slightly 
lower tendency to accumulate in the kidneys. 
The methyl mercury compound, on_ the 
other hand, was more uniformly distributed 
throughout the body. In all three cases only 
small quantities of mercury were found in 
the No difference could be 
demonstrated in this respect. In the experi- 


brain. clear 
ments in which the compound was adminis- 
tered intravenously as a single dose there 
higher quantity of 
mercury in the brain after supply of the 
organic compounds than after supply of the 
mercuric nitrate, which is the more re- 
markable as symptoms of damage to the 


was no_ essentially 


central nervous system dominate the clinical 
picture in cases of poisoning by organic 
mercury compounds, 

There is a continuous outflow of mercury 
from the various organs until, 32-64 days 
after the initial injection, they are practically 
if not entirely free from mercury. A re- 
markable feature is the slow rate at which 
the mercury content of the kidneys falls 
after supply of methyl mercuric hydroxide ; 
this is probably due to a continuous supply 
from other parts of the body that are being 
depleted of mercury. 
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0 10 20 


60 min. 


___ Fig. 1—Mercury content in whole blood and plasma of a rabbit at various times after a single 
injection intravenously of methyl mercuric hydroxide, 10 mg. Hg per kilogram of body weight. 


Short-Term Experiments.—In a series of 
experiments on the rabbit intravenous injec- 
tions were given of methyl mercuric 
hydroxide—approximately 10 mg. mercury 
per kilogram of body weight, corresponding 
to about LDso. After injection the mercury 
content of blood and plasma was followed 
(Fig. 1). Immediately after the injection 
the mercury content was extremely high— 
more than 70yg. per gram of blood—but this 
rapidly diminished. 

Initially at least 80% of the total mercury 
content of the blood was bound to the 
erythrocytes. However, this bond was a 
fairly loose one, since when the total 
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mercury content of the blood rapidly sank 
the values for both plasma and erythrocytes 
diminished, the relationship between the two 


TABLE 3.—Mercury Content of Rabbit Organs 
After Intravenous Injection of Methyl 
Mercuric Compounds * 


1 Hr. After Injection 8 Hr. After Injection 
Methyl! Mercuric Methyl Mercurie 
Hydroxide, Dicyandiamide, 
10 Mg. Hg/Kg. 1 Mg. Hg/Kg.* 


* Mercury content expressed in micrograms per gram of 
wet-weight tissue. 
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Hof, 


100+ 


20 40 60 80 170 140 60 86180) 220. 240 min. 
_ Fig. 2—Distribution of mercury in whole blood of a dog at various times after a single 
injection intravenously of methyl mercuric hydroxide: 0-o-o- indicates dose of 3 mg. Hg per 
kilogram of body weight; x-x-x, dose of 1 mg. Hg per kilogram of body weight 


T 


concentrations remaining fairly constant of interest to note that the mercury content 
(see below). 


of the organs agrees closely with the amount 
The results of the determination of the injected, except in the brain where the in- 


mercury content in various organs of this crease in the mercury content was much less 
animal are given in Table 3, where they than would be expected from the increase 
may be compared with data from an earlier in dose. 

study ® in which the dose, also injected In experiments on dogs, the mercury con- 
intravenously in the rabbit, was only about tent of the blood was determined 
one-tenth of that used in this study. It is 


after 
intravenous supply of methyl mercury in 


30 60 


T T 
120 150 180 


+ + 


T 
30 210 240 min. 
Fig. 3—Content of mercury in whole blood of dog at various times after a single intra- 
venous injection of (1) mercuric nitrate, (2) phenyl mercuric acetate, (3) methyl mercuric 

hydroxide. Dosage was 0.1 mg. Hg per kilogram of body weight. . 
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doses of 1 and 3 mg. of mercury per 
kilogram of body weight. The high initial 
value diminished rapidly over half an hour 
and then at a much slower rate (Fig. 2). 
In some tests in which the mercury content 
of the plasma was also determined, the 
mercury content of the whole blood was 
found to be approximately three times as 
great as that of the plasma. This ratio was 
largely constant throughout the period of 
the experiment. 

The concentrations of mercury in_ the 
blood were compared after intravenous in- 
jection in dogs of three compounds, mercuric 
nitrate (one dog), phenyl mercuric acetate 
(two dogs), and methyl mercuric hydroxide 
(three dogs). The doses were 0.1 mg. of 
mercury per kilogram of body weight. The 
results are given in Figure 3; for the latter 


substances the values are means for the 


Hof, Inj. 


two and three tests, respectively. The blood 
taken during the first 10 minutes has been 
excluded from the diagram because owing 
to the rapid changes in concentration small 
deviations in sampling time may have given 
rise to large discrepancies between the re- 
sults ; comparison of the differences between 
the various experiments would then have 
been complicated. It is seen from the 
diagram that after supply of equivalent 
quantities the mercury content of the blood 
was greatest for nitrate, lower for phenyl 
mercuric acetate, and lowest for the methyl 
mercuric hydroxide. The mercury content 
of the blood fell slowly, and the decreases 
were nearly parallel for the various com- 
pounds. 

From Figure 4, which shows the relation- 
ship between the mercury content and the 


excretion in the urine after intravenous 


0 20 40 60 


_ , Fig. 4.—Concentration of mercury in blood and excretion in urine of d 
injection intravenously of methyl mercuric hydroxide. Dose was 0.1 mg. 


of body weight. 
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Fig. 5.—Excretion of mercury in the urine of dog during four hours after a single intra- 
venous injection of (1) mercuric nitrate, (2) phenyl mercuric acetate, (3) methyl mercuric 
hydroxide. Dose was 0.1 mg. Hg per kilogram of body weight. 


supply of a single dose of methyl mercuric 
hydroxide—0.1 mg. of mercury per kilo- 
gram of body weight—it is observed that 
the excretion begins immediately after injec- 
tion, when the mercury content of the blood 
is still the maximum, and that the excretion 
then diminishes nearly parallel the 
mercury concentration in the blood. 

During the first four hours there were 
considerable differences in the total excre- 
tion of mercury after supply of correspond- 
ing quantities of various compounds ( l’ig. 5, 
Table 4), the largest values being given by 
phenyl mercuric acetate—4.3% of the 
amount supplied in the case of each of the 
two dogs. Of the mercuric nitrate supplied, 
2.3% was excreted, the corresponding 
figures for the methyl mercuric hydroxide 
being 0.33%, 0.15%, and 0.11% in three 
experiments. 
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After supply of the methyl mercury com- 
pound the excretion of mercury in the urine 
was greatest intially and then diminished 
steadily, whereas in the case of phenyl 
mercuric acetate the maximum occurred 


TABLE 4.—Excretion of Mercury in Dog Urine * 


Mercury Recovered 
Mercury Within 4 Hr. 


Exper. Supplied, 

No. Mercury Compound ug. ue. % 
9 Mercuric nitrate 3,000 69 23 
7 Phenyl mercuric acetate 1,800 ri 4.3 
10 Phenyl mercuric acetate 2,100 91 43 

3 Methyl! mercuric 
hydroxide 1,800 19 0.11 

4 Methyl mercuric 
hydroxide 2,000 2.9 0.15 

ll Methyl mercuric 
hydroxide 3,000 9.9 0.33 


* Various mercuric compounds injected intravenously. Dos- 
age was 100 ug. Hg per kilogram of body weight. 
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TaBLe 5.—Level of Mercury in Dog Organs Four 
Hours After Intravenous Injection * 


Pheny! Methy! 
Mercuric Mercurie Mercuric 
Organ Nitrate Acetate t Hydroxide 
3.59 3.55 1.01 
0.020 0.015 0.059 
Cerebellum. .......--. 0.130 0.073 0.067 
1.30 0.42 0.33 


* 100 wg. Hg per kilogram of body weight. Mercury level is 
measured in micrograms per gram of wet-weight tissue. 

+ Average of two animals. 

t Average of three animals. 


later, and the level then fell steadily 
throughout the period of observation. Sup- 
ply of mercuric nitrate gave a fairly early 
maximum excretion of mercury. The urine 
secreted at that time was low in volume, 
very concentrated, and with a high content 
of mercury. There ensued a period of 
anuria followed by excretion of very small 
quantities of urine of a very high mercury 
content. After supply of methyl and phenyl 
mercury compounds there was a steady flow 
of urine of a diminishing content of mercury 
throughout the period of observation. 

The amount of mercury in the dog organs 
at the end of the experiments is given in 
Table 5. In these experiments, as in those 
on the rat, there was a higher concentration 
of mercury in the kidneys after administra- 
tion of mercuric nitrate and phenyl mercuric 
acetate than after methyl mercuric hy- 
droxide. As in the experiments on rats, 
there was in the case of dogs no tendency 
to accumulation of mercury in the central 
nervous system after supply of the organic 
mercury compounds. The mercuric nitrate 
accumulated in appreciably higher concen- 
trations in the colon than did the two other 
compounds, which is consistent with the ap- 
preciable excretion of inorganic mercury 
compounds by way of the wall of the large 
intestine. 

Distribution of Mercury Compounds in 
the Blood.—\ntravenous supply of methy] 
mercuric hydroxide to dogs and _ rabbits 
demonstrated that most of the mercury in 
the blood was bound to the erythrocytes. 
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According to the literature, mercury 1s 
bound in the plasma to a complex protein 
compound after supply in the metallic form 
or as inorganic compounds. Milnor ™ states 
that mercury is bound to the erythrocytes 
after supply of organic mercury diuretics. 

In order to study the distribution of 
mercury in the blood after supply of the 
various mercury compounds, a series of in 
vitro experiments was performed in which 
the compounds were added to citrate blood 
(human). In these tests the B-activity from 
Hg? was determined directly in the plasma 
and hemolyzed blood with the aid of the 
apparatus described above. Plasma or 
hemolyzed whole blood, 2 ml., was pipetted 
into a small glass cylinder, 22 mm. in 
diameter and 18 mm. in height. Pliofilm 
was stretched over the mouth of the cylinder, 
and a count was made immediately. Owing 
to the high self-absorption of the weak 
8-radiation in the sample, it was necessary 
to make separate calibration curves for 
blood and plasma for each of the three com- 
pounds studied. 

The same blood samples were used for 
the experiments and for the calibration. To 
20 ml. of blood was added an aqueous solu- 
tion of the radioactive compound containing 
1 mg. of mercury per milliliter. The volume 
added was less than 10% of the blood 
volume, and there was no hemolysis. After 
mixing, an 8 ml. sample for whole blood 
analysis was hemolyzed with Sicca reagent ; 
the residue was centrifuged and plasma 
separated for analysis. 

The ratio between the mercury content of 
the plasma and that of the whole blood was 
for the concentrations used (1-10 ppm) 
0.10+0.05 for the organic compounds and 
0.80+0.05 for the inorganic compounds. 
The organic compounds were thus bound 
chiefly to the erythrocytes, whereas the in- 
organic compounds were bound to the 
plasma. 


Comment 


The mercury compounds studied—mer- 
curic nitrate, phenyl mercuric acetate, and 
methyl mercuric hydroxide—displayed con- 
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siderable differences in their distribution in 
the body after intravenous supply. 

The two organic compounds are bound to 
the erythrocytes to a considerable extent, as 
are mercurial diuretics.’® In contrast to this, 
when supplied as mercuric nitrate the 
mercury was bound to the plasma; this is 
in accordance with the views commonly ex- 
pressed in the literature—that the mercury 
is bound to a complex protein compound. 
In this respect the two organic compounds 
are distinguished from the inorganic com- 
pound, 

The high initial mercury content of the 
blood after intravenous injection fell rapidly 
for the first 5-10 minutes and then more 
steadily. This course was largely similar 
for all three compounds. 

That the excretion of mercury in the urine 
began immediately after the compound was 
supplied is important as regards the use of 
the excretion of mercury in the urine as an 
index of exposure. There is no reason to 
suppose that mercury will not be passed 
immediately after resorption. Thus the ex- 
cretion will provide a good index 
posure. 


of ex- 


There were considerable differences be- 
tween the rate of excretion of the three 
compounds, The mercury concentration was 
appreciably lower in the case of methyl 
mercuric hydroxide than after supply of 
phenyl mercuric acetate or mercuric nitrate. 
The total excretion within four hours of 
supply was essentially lower for the methy] 
mercury compound than for the other two. 

Other differences between the three com- 
pounds were evident too. For instance, the 
methyl and phenyl compounds were excreted 
most rapidly at the beginning of the experi- 
ment, when the concentration of mercury in 
the blood was highest, the rate decreasing 
with the fall in concentration in blood. 
Throughout the period of observation there 
was a continuous flow of urine. After the 
supply of mercuric nitrate, however, a high 
initial excretion was succeeded by a period 
of anuria, after which only traces of urine 
with a very hich mercury content were ex- 
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creted. Between the two organic compounds 
there were also certain dissimilarities, the 
rate of excretion being essentially greater 
after the supply of the phenyl than of the 
methyl compound. However, in both cases 
there was a steady excretion which was 
related to the concentration of mercury in 
the blood. After supply of the nitrate there 
was, indeed, a fairly high excretion of 
mercury, but temporary anuria suggests a 
considerably more serious effect on the 
kidney by this substance than was the case 
for the two organic compounds. The ex- 
periments on rats demonstrate that these 
pathologic changes are rapidly and com- 
pletely reversible with the doses in question, 
there being no evident reduction in vitality 
over a period of 32 days. The experiments 
show that in the various organs there was 
an accumulation of mercury, all of which 
was gradually excreted—partly at least in 
the urine. 


Since the excretion of mercury in the 
urine began immediately after supply of the 
compound and then continued as long as 
there were appreciable quantities in the 
body, the determination of the mercury con- 
tent of the urine provides a convenient 
method of studying exposure to mercury 
and might also serve as a guide in devising 
measures of protection.”® 

Account should, of course, be taken of the 
fact that excretion of mercury in the urine 
and by other paths differs from one sub- 
stance to another. There seems to be a 
tendency for some inorganic compounds to 
be excreted also through the mucous mem- 
brane of the large intestine. 


In cases of intoxication by alkyl mercury 
compounds high levels of mercury have 
been observed in the brain,**? whereas in 
intoxication by inorganic salts of mercury 
the quantities were very small. In the 
present study, however, no systematic dif- 
ference in the mercury present in the brain 
and cerebellum could be detected after intra- 
venous supply of a single small dose of 
organic or inorganic compounds. In_ all 
cases only small amounts of mercury could 
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be found in the brain. This is consistent 
with the results obtained by Friberg et al.” 
but differs somewhat from the results ob- 
tained by one of us (A. S.).® In the latter 
case the discrepancy may be due to dif- 
ferences in the dosage. Furthermore, fatal 
poisoning of human beings is generally 
either a case of acute intoxication with much 
larger quantities of mercury than in the 
present experiments or of intoxication after 
supply of small doses over a long period of 
time, there being a cumulatory effect, which 
might explain the discrepancies in the re- 
sults of various studies. 


Summary 


A study has been made of the distribution 
and excretion of mercuric nitrate, phenyl 
mercuric acetate, and methyl mercuric hy- 
droxide after intravenous injection of small 
doses. 

Immediately after injection the mercury 
content of the blood was very high, but it 
fell rapidly and after 5-10 minutes reached 
a level below which it decreased very slowly 
and approximately the same for all three 
substances. 

The two organic compounds were to a 
large extent bound to the erythrocytes, 
whereas the inorganic compound was trans- 
ported in the plasma. 

The presence of mercury was demon- 
strated in the urine immediately after injec- 
tion in the case of all three compounds. 

After single injections of small doses all 
three compounds were deposited in the 
central nervous system to but a small extent. 
No systematic differences between the sub- 
stances were evident. 

Mercuric nitrate and phenyl mercuric 
acetate were deposited chiefly in the kidneys 
whereas the methyl me~curic hydroxide ap- 
peared to be distributed more uniformly 
throughout the body. 

The supply of mercuric nitrate gave a 
high content of mercury in the colon wall. 


Department of Occupational Medicine, Karo- 
linska Sjukhuset. 
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News and Comment 


ANNOUNCEMENTS 


Course on Air Pollution —The problems of the sources, effects and control of com- 
munity air pollution will be treated in an intensive two-week course, “Air Pollution,” offered 
by the New York University Post-Graduate Medical School in cooperation with the N.Y.U. 
College of Engineering from Nov. 30 through Dec. 11, 1959. 

The course, designed for engineers, industrial hygienists, and physicians, will review the 
basic toxicology of the principal air pollutants, micrometeorological factors, effects of air 
pollution on agriculture and commerce, and methods for sampling and analyzing the various 
toxic components. 

Also described will be the nature and methods of control of effluents from power and steam 
generation, domestic heating, incineration, internal combustion engines, and various industrial 
processes. 

The pattern of governmental regulations will also be presented, 

For further information: The Associate Dean New York University Post-Graduate 
Medical School, 550 Ist Ave., New York 16. 


Courses in Radiological Health—Jhe department of industrial medicine of the 
New York University-Bellevue Medical Center Post-Graduate Medical School offers five 
courses in radiological health, starting October, 1959. 

This program makes available to research institutions, industry, and government, facilities 
for training technical people having responsibilities in the expanding field of radiological 
protection. The courses are intended for persons already trained in one of the physical, 
engineering, biological, or medical sciences who require a comprehensive introduction to 
the new techniques and methods associated with radiological hazard evaluation. The courses 
are as follows: 

Introduction to Radiological Health: Full time, Oct. 12-23, 1959; for persons having 
responsibilities connected with the health and safety of personnel in installations using sources 
of ionizing radiation. 

Radiological Health Laboratory: Full time, Oct. 26-Nov. 6, 1959. A series of experiments 
designed to furnish a familiarity with the most important categories of nuclear detection 
apparatus and techniques of measurement. 


Radiochemical Analysis: A two-week intensive course, Nov. 9-20, 1959, covering the tech- 
niques of radiochemistry and counting required for the determination of radioisotopes in 
biological and environmental samples. 

Medical and Public Health Control of Ionizing Radiation: Full time, March 7-18, 1960. 
Primary emphasis is on the biological effects of radiation and medical control programs. 
Specifically designed for public health officials, physicians, and others with biological interests. 


Radiation Hygiene Measurements: A four-week intensive course, April 18 through May 13, 
1960, offering laboratory instruction in surveying, monitoring, and sampling procedures for 
persons having some acquaintance with nuclear measurement principles. 

For further information: The Associate Dean, New York University Post-Graduate 
Medical School, 550 Ist Ave., New York 16. 
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A REMINDER FROM MERCK SHARP & DOHME: 


VIRUS VACCINE 


POLY VALENT 


Ordering your requirements now will assure you of sufficient 
vaccine when it ts needed to protect your personnel and patients. 


BUSINESS REPLY CARD 
FIRST CLASS PERMIT No. 2868, Sec. $4.9, P.L.&R. PHILADELPHIA, PA. 


MERCK SHARP & DOHME 
Vaccine Department 

640 North Broad Street 
Philadelphia 1, Penna. 


FOR YOUR CONVENIENCE, TEAR OUT 


AND COMPLETE THIS ORDER CARD 


ey 
: 
Postage 
Wilt be Paid Necessary 
by If Mailed in the 
Addressee United States 


To make certain that you have an adequate supply of 
Influenza Virus Vaccine Polyvalent when the need arises, 
you should order vaccine now. Order for immediate 
delivery or, if you prefer, at whatever future date 


you specify. 


Vaccination against influenza is inexpensive—and is the 


most effective way of minimizing the risk of contracting 
this highly contagious disease which causes so much 
debilitation and absenteeism. 


By anticipating your needs and ordering now, you can be 
certain that you will have enough vaccine for your 
personnel and patients. 


Influenza Virus Vaccine Polyvalent 


Contains the National Institutes of 
Health approved polyvalent strains 
Types A and B, including Asian Strain. 


Dosage: 
Detailed dosage information may be 
found in the package circular 

contained in each carton. 


For complete information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


MERCK SHARP & DOHME 
VACCINE DEPARTMENT 

640 NORTH BROAD STREET 
PHILADELPHIA 1, PENNA. 


Please ship the following to arrive on 


(specify delivery date) 


10 cc. vials Influenza Virus Vaccine Polyvalent 


Ship to: Bill to: 


(Street address) (Street address) 


(City and State) (City and State) 


Purchase order number 


: 
: 
: 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
2 ' 
' 
' 
' 
' 
' 


HYDROCHLORIDE 


NASAL SPRAY 
0.5% 20cc. 


in the handy plastic squeeze bottle 


* Microspray tip 
* Won’t break or spill 
* Ready when patients need it 


PROLONGED DECONGESTION 


~— | 
« 
Neo-Synephrine (brand of phenylephrine), trodemork reg. U.S. Pot. Off. 


even 
if your 
patient 
lobscouse1 


ins —rheumatic pains 
1 PARAL ON tablet-con 


cific for ap 
LENOL® 


: ‘Tablets, scored, bul plored, of 


4 
* 
4 
neu pe under way again soon, once hi 4 
hell be under way again soon, once he’s on 
luscle relaxation plus analgesia 
PARAFON WITH PREDNISOLONE tablet containg 


